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ABSTRACT
This thesis integrates urban and ecological planning in an exploration of how to
design communities to minimize the loss of life and property in a wildland fire. The
approach focuses on the importance of landscape ecological planning and urban
planning at the landscape level where it is possible to see residential developments
as part of a larger "mosaic" of land uses. Analysis at this level is of particular
importance because it will be pivotal in the implementation of a truly comprehensive
plan for fire safety. Strategies in the past have often focused only on the homesite
scale, and emphasized the implementation of incremental changes (such as stricter
building codes or additional firefighting equipment) over the spatial re-design of the
suburban mosaic itself.
Since there are relatively few examples of how ecological knowledge can be
incorporated in suburban planning, particularly in fire-prone landscapes, this thesis
uses a general heuristic model that encourages the exploration of spatially-based fire
prevention strategies and innovative comprehensive solutions for preventing human
and economic losses in the urban/wildland interface. The spatial pattern of the
urban/wildland interface is characterized using the vocabulary of landscape ecology.
A hazard-oriented strategic approach is then used to organize planning
recommendations. Thus, two broad conceptual approaches are combined to re-
organize the prioritization and perception of fire prevention strategies available to
planning.
This thesis concludes that there are a number of as yet unexploited urban design
strategies which could reduce fire hazards in the urban/wildland interface. These
strategies might be most feasible in new town developments since they would need
to be implemented at the scale of housing clusters and neighborhoods.
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INTRODUCTION
My interest in wildfires awakened Sunday October 20, 1991 in the Oakland
and Berkeley Hills, when flames engulfed neighborhoods and killed residents.
These neighborhoods weren't located in wilderness areas like Yellowstone National
Park or Yosemite National Park. They were on the fringe of a major metropolitan
area. It had never occurred to me that a wildfire of this magnitude could move
through such a heavily populated area.
I found out later that the wildfire, called a "firestorm"l, had risen from
embers of a six-acre brush fire that had not been fully extinguished the day before.
Eric Newton, the managing editor of the Oakland Tribune, stated that "sparks
emerged into a 2,000 degree inferno that flew over reservoirs and incinerated entire
neighborhoods" (Newton 1991 p. 1).
When I drove to Berkeley after the fire, I gazed at the blackened hills.
Foundations of homes and exoskeletons of cars were all that remained. The
firestorm burned for three days, consuming three square miles, destroying over
3,000 homes, killing 25 people, and leaving over 6,000 people homeless. The
neighborhoods of Hiller Highlands, Broadway Terrace, Montclair, Claremont and
Upper Rockridge were completely destroyed and left as mere names on a map. The
fire destroyed architectural gems crafted by Julia Morgan and Bernard Maybeck,
Reggie Jackson's World Series Trophies, valuable art works and paintings, and
countless literary manuscripts. The total damage was estimated at $1.5 billion.
I documented the aftermath of the fire carefully by collecting newspaper
1Stephen Pyne, author of Introduction to Wildland Fire: Fire Management in the United
States, defines firestorms as fires with very large reaction intensities. They have
convection-driven diffusion, vertical fuel flow, and radiant heat transfer. The
spreading of firestorms tends to be through airborne firebrand spotting.
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articles and photographs. I subsequently followed other firestorms in Northern and
Southern California, discovering that the 1991 fire was far from an isolated
incident. A particularly violent fire ravaged Southern California in the fall of 1993.
In 10 days, this wildfire burned 215,000 acres, damaged and destroyed 1,000
structured, displaced 25,000 people from their homes, killed 3 people, injured 62
civilians and firefighters, and caused a total of $500 million in damage. In the
summer of 1994, another claimed 37 houses and almost 50,000 acres in San Luis
Obispo County. At the beginning of October, 1995 a wildfire destroyed 47 homes
in Main County. Just two weeks after that, a fire destroyed 6 homes in the
Oakland/Berkeley Hills - an eerie reminder of the firestorm of 1991. A pattern of
dangerous and expensive fire hazards in these growing suburban areas is clearly
emerging.
In the past a majority of the literature on fire in the Oakland and Berkeley
Hills focused on traditional urban fire-prevention strategies, with little or no
discussion of landscape ecology or environmental planning. The perceptions of
suburbs within the urban/wildland interface2 , where these recent wildland fires
have occurred, has contributed to this bias towards urban fire-prevention and
traditional urban planning. Residents in urban/wildland suburbs often think that
they are immune to wildland fires because their homes are located on the outskirts
of a metropolitan area. Thus, their homes are constructed with little regard to the
proximity of these areas to wilderness preserves, and home building occurs in an ad
hoc fashion rather than through a comprehensive, fire-safe plan. In addition,
firefighters working within the urban/wildland mix are often trained to extinguish
2The East Bay Hills Vegetation Management Consortium defines an urban/wildland
interface as an area where built development and wildland fuels meet at a well defined
boundary.
city fires but not wildland fires. This urban bias in the perception of municipal
planners, firefighters, and suburban homeowners contributes to the increasing
losses of life and property in these fire-prone urban fringe areas.
According to Hersperger (1994) landscape ecological planning "uses the
concepts and findings of landscape ecology for land use decision-making"
(Hersperger 1994 p. 26).3 Landscape ecology is particularly important in
providing the planner with "scientific information about the interactions between
humans and nature in the changing landscape" (Hersperger 1994 p. 26). It
considers change at different spatial scales and the processes that underlie this
change. This thesis uses a landscape ecological approach to planning in the
identification of the spatial patterns and processes in the urban/wildland interface
and the way that they influence fire behavior at the landscape level.
My goal is to integrate urban and landscape ecological planning in an
exploration of how to design communities to minimize the loss of life and property
in a wildland fire. My approach focuses on the importance of landscape ecological
planning and urban planning at the landscape level where it is possible to see
residential developments as part of a larger "mosaic" of land uses. Analysis at this
level is of particular importance because it will be pivotal in the implementation of a
truly comprehensive plan for fire safety. Strategies in the past have often focused
only on the homesite scale, and emphasized the implementation of incremental
changes (such as stricter building codes or additional firefighting equipment) over
the spatial re-design of the suburban mosaic itself.
There are still relatively few examples of how ecological knowledge can be
incorporated in suburban planning, particularly in fire-prone landscapes. As a
3 Hersperger, Anna M. "Landscape Ecology and Its Potential Application to
Planning." Journal of Planning Literature. August 1994: 14-29.
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result, I have chosen to frame my thesis using a general heuristic model that
encourages the exploration of spatially-based fire prevention strategies and
innovative comprehensive solutions for preventing the loss of life and property in
the urban/wildland interface. The spatial pattern of the urban/wildland interface is
characterized using the vocabulary of landscape ecology. A hazard-oriented
strategic approach is then used to organize planning recommendations. Thus, two
broad conceptual approaches are combined to re-organize the prioritization and
perception of fire prevention strategies available to planning.
Chapter 1 presents a description of the 3 major wildfires that have occurred
in the Oakland and Berkeley Hills. It compares the origin and spread of these
wildfires and discusses hypotheses for why homeowners have settled and continue
to settle in California's urban/wildland interfaces despite the threat of wildfires. It
also relates the settlement of homeowners in wildland areas to intensified fire hazard
conditions. This background information is essential for planners to understand the
pattern of development and wildfire in California and other fire-prone landscapes.
Chapter 2 introduces a language to describe the landscape ecology and
settlement patterns of the Oakland and Berkeley Hills, by first describing the
significant pattern elements found in the landscape - patches, edges, corridors, and
matrixes - and second, the way that they affect the movement of fire by acting as
sources, sinks, conduits, barriers, and filters. By seeing fire as a flow of energy
that can be expected to occur periodically, rather than as a disastrous "event,"
planners can better anticipate future hazards. The intention of this thesis is to
discover landscape-scale opportunities to use this ecological knowledge as a design
tool in physical planning.
Chapter 3 discusses a range of ten general strategies that can be utilized to
reduce the loss of life and property in a major fire.4 Each is discussed with an
emphasis on spatial pattern and across three spatial scales (the neighborhood, a
cluster of homes, and the homesite). William Haddon, Jr., President of the
Insurance Institute for Highway Safety, listed these ten strategies in an article
entitled "On the Escape of Tigers: An Ecologic Note."s His versatile framework
can be used as a heuristic thinking tool to encourage debate and the creation of
innovative comprehensive solutions for preventing the loss of life and property in
many different hazard situations, such as hurricanes, earthquakes, traffic accidents,
lightning strikes, and major fires. The ten strategies are applied specifically to
reducing urban/wildland fire hazards.
Chapter 4 discusses the reasons why certain strategies to reduce human and
economic losses in a wildfire presented in Chapter 3 are being preferentially utilized
over others in re-constructing the Oakland and Berkeley Hills. It then discusses
useful alternatives generated in Chapter 3, which have not been implemented by
municipal planners. The potential benefits of these landscape-level strategies are
presented in contrast to ad hoc measures implemented on a site-by-site basis.
Finally, Chapter 4 examines the potential for ecological concepts to influence
suburban planning in both existing neighborhoods and new towns within fire-prone
4 These basic strategies are to (1) prevent the marshalling of the form of energy in the first
place, (2) prevent the release of energy, (3) separate, in space or time, the energy being
released from the susceptible structure, (4) reduce the amount of energy marshalled, (5)
strengthen the vulnerable structure, (6) modify the contact surface, subsurface, or basic
structure, (7) separation by interposition of a material "barrier," (8) modify the rate or
spatial distribution of release of the energy from its source, (9) promote rapid detection and
evaluation of the damage that has occurred or is occurring, and counter its continuation and
extension, and (10) stabilization of the process after utilizing the proper intermediate and
long-term reparative and rehabilitative measures.
5Haddon, William. "On the Escape of Tigers: An Ecologic Note." Technology Review.
1970: 45-53.
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landscapes.
CHAPTER 1
Wildfires: A Cycle of Natural Disturbance in the Oakland and
Berkeley Hills, California
1.1 The 1923, 1970 and 1991 Wildfires
Three major wildfires have ravaged the Oakland and Berkeley Hills in this
century. Dry grass, oily eucalyptus leaves and bark spurred the movement of the
first that began on September 17, 1923. It originated in Wildcat Canyon and
burned over the ridge east of Berkeley and into Tilden Park (See figure 1.1: Map
of the Oakland and Berkeley Hills on the following page). This 1600 foot band of
flame claimed 625 homes in two hours. Fortunately no human lives were lost and a
coastal breeze enabled fire fighters to smother the blaze (Biswell 1989). The same
area was devastated again on September 22, 1970. Strong, warm winds enlarged
this fire that spanned 204 acres and destroyed 37 homes.
The third wildfire was the most devastating. It occurred on October 20,
1991. The temperature was 92 0 F, the humidity 10 percent. Fifty mile-per-hour
erratic winds, blowing from the northeast, rekindled a six-acre brush fire in Wildcat
Canyon behind Buckingham Boulevard in Oakland near the Caldecott Tunnel.
Within 15 minutes, 100 acres were ablaze. The fire developed two heads; one
roared southwest down Grizzly Peak Canyon toward Claremont Canyon. The
other bent southeast toward Hiller Highlands. Twenty-five people lost their lives
during this early stage. They lived near the origin of the fire on Buckingham
Boulevard, Charing Cross Road, Bristol Drive, Marlin Cove Road, Binnacle Hill
Road, Windward Hill, Schooner Hill Road, Norfolk Road, Kenilworth Road, Live
Oak Road, and Alvarado Road. The winding, narrow roads hindered their escape.
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Figure 1.1
Map of The Oakland And Berkeley Hills
One resident and two firefighters managed to survive in the Buckingham Boulevard
Area because they leaped into a swimming pool and stayed in the water until the
firestorm howled over them (Fagan 1991 p. 8). Firefighters and homeowners
stopped the southwest finger of the wildfire about 300 yards east of the Claremont
Resort Hotel at Sunset Trail which "acted as a fuelbreak in the almost continuous
chain of trees and houses on the historic hillside" (Grabowicz and Brand 1991 p.
13). Cooling breezes off the bay also aided firefighters to extinguish the flames.
The southeast head of the wildfire decimated Hiller Highlands, and moved
south across Highway 24 (Rumford Freeway) into the Upper Broadway
Terrace/Montclair Area. It then leapt over Highway 13 (The Warren Freeway) into
the Lower Broadway Terrace Area and traveled southwest across Ocean View Drive
and over Highway 24 into the Upper Rockridge Area. Firefighters finally
extinguished this branch of the fire in the Chabot Road Area.
After the 1991 firestorm, residents, planners, and government officials
investigated the reasons why the wildfire had ravaged the Oakland and Berkeley
Hills with such ease. The extensive literature generated on this subject cited the
accumulation of woody debris, the outlawing of controlled burning, and the
construction of homes in fire-prone urban/wildland areas as the exacerbating
components.
1.2 Accumulation of Debris
Before Europeans arrived in California, there was little brush and litter on
the forest floor. Native Americans utilized prescribed fires to manage the naturally
fire-prone landscape. Photographs of the Yosemite Valley taken almost a hundred
years ago show that during their residence this area was less overgrown with brush
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than it is today (Elsasser and Heiser 1980 p. 113). Harold Biswell, author of
Prescribed Burning in California Wildlands, states that Native Americans carefully
burned hillsides and valleys in California to improve the habitat for deer, to enhance
visibility and hunting conditions, to facilitate travel, and to improve seed
production. This annual burning to clear brush and undergrowth also prevented
large, catastrophic fires by limiting the accumulation of fuel. These first residents
appear to have understood the vital connection between nature and their own
livelihoods and carefully managed the landscape to enhance both.
This practice of prescribed burning by Native Americans turned many hills
into park-like oak woodlands. At the turn of the century, naturalists and explorers
such as John Muir, Galen Clark, and Joaquin Miller remarked upon this park-like
quality of the pre-settlement environment of the Sierra Mountain Ranges (Biswell
1989 p. 48). In The Mountains of California (1894), John Muir observed that all
species of trees in the Sierra woods stood apart in groves. These irregular clumps,
separated by open space, lent a park-like appearance to the mountainsides and
allowed horseback riders to progress with little difficulty from the woods to the ice
peaks.
The U.S.'s fire suppression policy on federal lands halted the practice of
prescribed burning at the beginning of the twentieth century as a result of several
economically disastrous fires in Wisconsin, Montana, Idaho and Chicago. These
fires burned millions of acres of government lands, destroyed towns, and killed
thousands of people. The "Use Book," which was published in 1905 for the
administration and management of forest lands, blamed fires for the destruction of
forests, rather than catastrophic fuel accumulation, and advocated the federal fire
management policy that encouraged the exclusion of fire from public and private
lands. As a result, no policies were developed to prevent forest-fuel accumulations
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(Biswell 1989 p. 65).
In 1927, the American Forestry Association's three year Smokey-the-Bear
educational campaign to prevent forest fires in the U.S. further propagandized the
policy of fire suppression. Two million pieces of literature, motion pictures, and
teams of young men called "Dixie Crusaders" preached the negative effects of fire
and reinforced the law against controlled burning. Forest protection through fire
suppression became the desired goal throughout the country (Biswell 1989 p. 86).
1.3 Construction of Homes in Fire-Prone Urban-Wildland Areas
In addition to fire suppression, the spread of urban housing from the city
centers to California's steep canyons and rolling hills during the 1920s exacerbated
fire hazard conditions. Homes were built on steep slopes only to take advantage of
the wonderful views, giving little attention to the more severe fire hazards of these
locations. (See photographs on the following page.) For example, the Hiller
Highlands, an area of intense development located below Wildcat Canyon, was the
origin of the 1923, 1970, and 1991 Oakland and Berkeley Hills wildfires. The
Highlands, just like Broadway Terrace, Montclair, and Claremont Canyon, are
characterized by steep slopes, ridges, and valleys. These aspects of the topography
encouraged the quick spread of fire, as demonstrated in Chapter 2.
The landscaping practices and building techniques utilized by homeowners
also increased fire hazard conditions. Many homeowners created an urban
wilderness around their homes using woody plants as aesthetic devices. In doing
so, little attention was paid to the nature of vegetation as fuel, its placement, or the
control of flammable landscapes (Arbor Day Symposium & Celebration of Spring,
Section 1).
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Bay Area residents have built their mansions and stylish cottages in the
wildland areas of the Oakland/Berkeley Hills to take advantage of the wonderful
views.
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The site planning for the homes themselves did not take into account spatial
patterns in the area with respect to the behavior of fire. They were constructed on
long, steep slopes, effectively ignoring set backs, low-risk housing designs,
vegetation removal, fire breaks, and adequately-sized roads for escaping vehicles
and fire fighting access. Housing designs included flammable wood siding and
shingles, open-ended wood decking, class "c" roofs (very flammable roofs), and
single-pane windows. Many homes on narrow streets in Lower Montclair, in
particular, were constructed using open-ended wood decks and balconies that could
trap burning embers.
Wildfires have historically been part of the disturbance regime in
urban/wildland interfaces in areas that are characterized as having a dry
Mediterranean climate, flammable vegetation, and suburban development in
mountains and canyons. The settlement patterns in these areas have ignored fire
hazards at the landscape scale as well as on individual homesites. For example,
whole neighborhoods were built on steep slopes in the saddles of canyons where
fire could be quickly funneled to the ridgetops. In his article entitled "Burn,
California, Burn," William Fulton states that "today, more than six million people
live within California's wildland areas. Another three to four million people live on
what firefighters call the 'urban/wildland interface'--the perimeter of urban areas
adjacent to wildlands" (Fulton 1995 p. 5). The most vulnerable areas are the
hillsides of the San Francisco Bay Area, the canyons of metropolitan Los Angeles,
and the "new subdivisions being built for urban escapees in the wooded western
foothills of the Sierra Nevada" (Fulton 1995 p. 5).
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CHAPTER 2
Landscape Ecology and Fire: Characterizing the
Relationship Between Patterns and Processes
This chapter introduces a vocabulary that can be used to describe how a fire
starts, its shape, and the way that it flows across the landscape. In section 2.3, this
chapter will give examples of how a pattern in the landscape - a patch, an edge, a
corridor, and the matrix - can affect the movement of a wildfire by acting as a
source, a sink, a conduit, a bamer, and a filter for it. In particular, the Oakland and
Berkeley Hills Area, discussed in Chapter 1, is characterized in terms of these
patterns and the way that they influenced the movement of fire in the 1991
Firestorm.
A better understanding of fire behavior and the way that patterns in the
landscape influence this behavior will be paramount in the formation of strategies
that will decrease the loss of life and property in the urban/wildland interface.
Planners can utilize this information to avoid placing homes in fire paths or where
fires tend to originate. They can also manipulate the landscape to discourage fire
from moving through certain areas such as housing developments.
2.1 Natural "Disturbance Regimes"
Historical consistency of flows in the landscape is an important element in
the creation of patterns. Events such as a wildfire, a hurricane or a tornado may
only occur every couple of years, while the erosion of a stream bank is a consistent
process that occurs every day. In either case, the periodicity and type of
disturbance may be referred to as a "disturbance regime." Spatial land use planners
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should acknowledge these disturbance regimes as important influences on planning
in the urban/wildland interface, especially when disturbances have devastated an
area on numerous occasions.
Forman and Godron (1986) have related changes in the landscape (the
disturbance regime) directly to (a) the types of stability present in specific landscape
elements and (b) the spatial structure of the landscape. The concept of metastability
(a state of being in equilibrium, but susceptible to being diverted to another
equilibrium) is used to describe landscape stability. They characterize the landscape
as having several levels of stability separated by phases of instability, depending on
the structure of the landscape. The three different kinds of stability present in
landscape elements are physical-system stability (most stable), recovery stability
(low metastability), and resistance stability (high metastability). Greater biomass
leads to a more metastable condition where a greater disturbance is needed to
disrupt the system (Forman and Godron 1986 p. 438).
In figure 2.1 shown on the following page, Forman and Godron (1986)
present a metastability model for an ecological system. In their model, the
landscape structure is determined through the accumulation of biomass through
succession. Disturbances are the mechanisms that decrease biomass. The level of
stability of the landscape structure determines the magnitude of disturbance that is
needed to change the landscape structure from being more metastable to less
metastable. The most metastable level (point D) requires a greater environmental
change to disturb the system. If the disturbance to the system is tremendous (e.g.
firestorm, earthquake, flood or earthquake), then point D will either revert to a less
metastable position (points A, B or C) on the S-shaped trajectory of biomass
accumulation or shift to the right onto another trajectory curve where biomass
accumulation is different (Forman and Godron 1986 p. 437).
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Figure 2.1:
A Metastability Model for an Ecological System
(Source: Forman and Godron 1986)
Landscape development
Development of landscape
with different characteristics
d 1 Disturbance that
decreases biomass
A Most stable
Time
"A metastability model for an ecological system. Biomass
accumulates through succession, and most disturbances decrease
biomass. Increasing metastability means that greater environmental
changes are necessary to disturb the system. Some disturbances so
change the system that it has quite different characteristics as
biomass subsequently accumulates. Points A, B, and D represent
the three basic types of stability" (from Godron and Forman 1986
p. 437).
The goal of spatial land-use planners would be to develop fire-prone
communities (acknowledging the spatial patterns and processes of the
urban/wildland interface and the way that they influence fire behavior) in a more
fire-safe way so that as biomass accumulates, the communities would lie at the most
metastable point on the trajectory curve (point D). This means that only a huge
disturbance (e.g. firestorm) could disrupt the system. If the community was indeed
constructed in a more fire-safe way after a firestorm, then the most metastable point
would be point D on a new trajectory curve shifted to the right where biomass
accumulation would be managed more efficiently. Thus, the community would not
only minimize its losses, it would also withstand lower level disturbances.
2.2 Fire as a flow of energy
Stephen Pyne, author of Introduction to Wildland Fire: Fire Management in
the United States, defines a fire as "an energy system that receives its driving power
from combustion, which is the rapid transformation of stored chemical energy into
kinetic energy of heat and motion." Unlike a fire contained in a house, the reaction
zone of the wildland fire is not confined, which leads to a greater amount of
diffusion6 within the wildland setting. A wildland fire can also burn refined fuels,
such as homes, and natural fuels, such as the native and exotic species of plants,
within the landscape mosaic instead of just refined fuels as in a fire contained in a
house.
The two types of combustion that occur in a wildfire are flaming
combustion and glowing combustion. Flaming combustion results from the
6Pyne (1984) defines diffusion as the "flow regime of air and gases within and around a
fire."
22
oxidation of gases and glowing combustion results from the oxidation on the
surface of a solid fuel. The flaming combustion occurs at the head of a fire where
the flaming front moves into fresh flammable fuels. Glowing combustion usually
occurs in residual fuels that bum at a lower temperature than those in the flaming
front (Pyne 1984).
Absorbed water in vegetation acts as a heat sink. Thus, dehydration and
pyrolysis must occur in order for the vegetation to be prepared for the fire.
Dehydration is the process in which water is evaporated from the vegetation and
pyrolysis is the process that "breaks down the chemical structure of woody
substances, such as cellulose, so that the newly liberated or reconstituted chemicals
can combust" (Pyne 1984 p. 5).
The sum of the heat required for dehydration and pyrolysis equals the heat
of pre-ignition. The heat of pre-ignition is "the energy required to bring fuels to
ignition" (Pyne 1984 p. 5). The heat (energy) from the most flammable vegetation
aids in the preparation of fuels that contain larger amounts of moisture. The heat of
pre-ignition is lower in small, dry fuels at certain times of the year when
temperatures are high and the relative humidity level is low. Vegetation on south
facing slopes is especially prone to fire because it receives more sunlight and
subsequently undergoes more evapotranspiration7 than the vegetation on north
facing slopes, leaving it drier (Pyne 1984).
A wildfire starts as a point then transforms into a line and eventually into an
area of flame due to its tendency to spread into new fuels. Figure 2.2 illustrates the
movement of flames vertically with no wind or slope and downwind or upslope (a
heading fire). A backing fire occurs when the fire moves downslope or upwind.
7Evapotranspiration is the "sum total of water lost from the land by evaporation and plant
transpiration." (Krebs, 708)
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Figure 2.2:
The Effects Of Flame Shape On Fire Spread
(Source: Pyne 1984)
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Indraft
Figure 2.3:
The Anatomy Of A Fire
(Source: Pyne 1984)
Head
Rear
The area inscribed by the heading fire is labeled as the "head," the
area circumscribed by the backing fire the "rear," and the sides the
"flanks." Small extensions that radiate from the fire are identified as
"fingers," unburned areas that lie between the fingers and the main
fire as "pockets," and unburned pockets surrounded by fire as
"islands." Finally, a small fire ignited by fire brands outside of the
main burn is called a spot fire (Pyne 1984 p. 51).
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All three types of fires--heading fires, backing fires, and vertical fires--can move at
ground level, surface level, or canopy level. Ground fires burn organic soils,
surface fires burn surface fuels like leaf litter, and crown fires burn aerial fuels in
the tree canopy. The direction that the flames move is determined by the speed and
direction of the wind, the spatial arrays of fuels, the topography of the area, and the
placement of homes, water and roadways within the wildland matrix.
The shape of a fire and its movement can be described using a fire anatomy
vocabulary. For example, in Figure 2.3, the area inscribed by the heading fire is
labeled as the "head," the area circumscribed by the backing fire the "rear," and the
sides the "flanks." Small extensions that radiate from the fire are identified as
"fingers," unburned areas that lie between the fingers and the main fire as
"pockets," and unburned pockets surrounded by fire as "islands." Finally, a small
fire ignited by fire brands outside of the main burn is called a spot fire (Pyne 1984).
Understanding the position of those elements of a wildland fire which
threaten a suburban area helps firefighters predict which homes are in danger and
which plans of attack they can use to extinguish the fire. For example, if
firefighters can't attack the head of the fire due to the high temperatures and wind
velocity in that area, they can concentrate on extinguishing the flanks of the fire
which are burning at lower temperatures.
2.3 Influences of landscape pattern on flows
Patches
Fire is essentially a flow in the landscape. Flows, which are defined by
landscape ecologists as the movement of objects and energy through the landscape,
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can determine the spatial patterns of elements in the landscape.8 The size, shape
and boundary characteristics of patterns in the landscape vary due to the differing
magnitudes and paths of flows over time. A small brush fire creates a small burned
patch while a firestorm produces a patch hundreds of hectares wide. The location
of unburned pockets of vegetation as well as clearings in the vegetation often result
from their location relative to the head, the rear, and the flanks of a fire. Clearings
in the vegetation usually occur near the head of a fire where flames are most
intense, and unburned pockets of vegetation usually occur near the flanks of a fire
where flames are less intense.
Patch Boundaries and Shape
The type and location of boundaries or edges of individual pattern elements
in a landscape often determine the extent to which the shape of the pattern element
can be changed by a flow. The transition zone between the boundaries of adjacent
pattern elements is recognized as the "ecotone." Wiens (1992) characterizes
ecotones by "(a) the change in the rate of change in variables of interest in space or
time, (b) the contrast between the states of the patches on either side of the ecotone,
and (c) the smoothness of the transition zone (the variance of the rate of change)"
(Wiens 1992 p. 217). Hobbs (1995) points out that ecotones are important because
they represent the boundaries between pattern elements through which various
flows may or may not be able to pass. For example, vegetation near and along
property lines which separate patches of housing represents a type of ecotone in the
landscape that must be removed, pruned and/or watered to prevent the flow of fire
from house to house.
8A herd of elk, swarm of bees, wind dispersed seeds and fire are all examples of ecological
flows.
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In terms of the way that boundaries affect the flow of organisms through
landscape pattern elements, Hardt and Forman (1989) showed that coves in
boundaries enhanced the colonization of reclaimed surface mines. In addition,
Gutzwiller and Anderson (1992) have tried to link the orientation, size and shape of
pattern elements to the number of birds that stop at a particular pattern element
during their migration routes. Pastor and Broschart (1990) looked at the
distribution of hemlock and northern hardwoods in relation to the soils and
topography of the northeastern United States. They concluded that the size of the
pattern element, the vegetation patterns within the pattern element, and the
arrangement of the pattern element in the landscape are affected by environmental
factors such as soil type, drainage, slope, and the particular disturbance regime.
The slope, soil type, drainage, and the orientation of a patch of flammable
vegetation can dramatically influence the flow of fire. A patch of flammable
vegetation with well drained soils located on a south facing slope will be drier than
patches of vegetation on north facing slopes with water saturated soils. These
relatively fire-prone areas usually have a history of more frequent burns.
Wiens (1992) states that ecological vectors must also be considered in the
formation or alteration of pattern elements because by definition they transport
materials or energy within and between pattern elements, thus often affecting their
configuration. For example, biotic vectors such as grazing animals or birds
redistribute nutrients and seeds from one vegetation patch to another through their
excrement. An abiotic flow such as a hot, dry, and gusty Santa Ana wind
transports fire brands several miles ahead of a wildfire in a process called
"spotting." The specific direction that the wind carries fire brands determines
which pattern elements in the landscape are skipped or completely burned by the
fire. In the Oakland and Berkeley Hills 1991 fire, firefighters helplessly watched
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flames devour homes due to the 30 mile-per-hour winds that increased the spread of
the fire.
Climatic conditions can act as a "pre-cursor" for fire. Low humidity levels
create a drier environment. In this environment the drier weather speeds up the
evaporation of water from foliage, improving the likelihood of ignition. Santa Ana
winds bend flames forward into new fuels and carry the flames up into the canopy,
creating crown fires, increasing the speed of the fire, causing erratic changes in the
direction of the fire, and increasing the inflow of oxygen and the mixing of gases
within the fire (Pyne 1984).
As described above, the shape of pattern elements in the landscape is
influenced by disturbance regimes--the magnitude and frequency of flows as well
as by the particular vectors that transport objects and energy through the area over
time. A pattern element can also affect the movement of a flow, depending on the
shape and size of its boundary and its orientation to the flow.
I am now going to describe, in general, some of the ways that pattern
elements can influence flows in the landscape. Next, I present four specific pattern
elements - the patch, the edge, the corridor, and the matrix - and the way that these
patterns can determine the path and the speed of flows by functioning as sinks,
conduits, barriers, and filters. An emphasis will be placed on how these patterns
affected the movement of fire in the Oakland and Berkeley Hills during the 1991
Firestorm. (See Tables 2.1 and 2.2 on the following pages for a summary of the
significant pattern elements and the way that they influence the movement of
flows.)
Functions associated with patches
The first specific pattern element that can function as a source, a sink, a
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Table 2.1
Summary of Significant Landscape Pattern Elements
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Patterns of Landscape Definition Example
Ecology
Patches A nonlinear surface area Homesites, clusters of
differing in appearance from homes, landscape mosaics,
its surroundings (Forman and clearings in the landscape,
Godron 1986). water holes, and patches of
remnant vegetation
Corridors Strips of land that differ from Riparian strips, saddles of a
the matrix on either side. canyon, hedgerows, and
powerline strips
Edges The outer bands of patches Urban-wildlandinterface and
that have an environment the ecotone where an
significantly different from agricultural field and forest
the interior of a patch meet
(Forman and Godron 1986).
Matrix "The most extensive and Suburbanizing landscapes
connected landscape element
type present that plays the
dominant role in landscape
functioning. The landscape
element surrounding a patch"
(Forman and Godron 1986 p.
596).
Table 2.2
Summary of Potential Functions of Pattern Elements
Processes in Landscape Definition Example
Ecology
Source An area or reservoir that Flammable vegetation found
produces objects or gives off in patches, corridors, edges,
energy (Forman and Godron and the matrix.
1986).
Sink An area or reservoir that Roads, fuelbreaks, wetlands,
absorbs objects or energy. rocky ridges, and bodies of
water found in patches,
corridors, edges, or the
matrix.
Conduit The preferential direction of Road corridors, stream beds,
objects and energy. and funnel-shaped canyons
Bamier Prevents the flow of objects Freeways and parking lots of
and energy across the a certain size and fire resistant
landscape. materials such as concrete,
stucco, and tile found within
a patch, a corridor, an edge,
or the matrix.
Filter To slow the movement of Hedgerows and
objects and energy. trimmed fire resistant
understories in patches,
corridors, edges, and the
matrix.
conduit, a barrier, or a filter is a "patch." Forman and Godron (1986) define a
patch as "a nonlinear surface area differing in appearance from its surroundings."
Patches are created by natural disturbances such as windstorms, floods, lightning-
caused fires, volcanic eruptions and mammal trampling. Human activities such as
logging, agricultural practices, mining and homebuilding also create clearings in the
landscape. Humans act as vectors for exotic species by introducing and
maintaining them in patches. Their home sites often require the mowing of lawns,
the fertilization of the exotic species planted in the yards, and the removal of native
species that compete with exotic species to keep the patches from being invaded by
plants from the surrounding matrix.
This process of manipulating the landscape has important implications for
the flammability of patches of vegetation. For example, in the Oakland and
Berkeley Hills, residents changed the configuration of the landscape by planting
flammable exotic species of vegetation. A five year drought, lack of watering, and
inadequate pruning greatly increased the flammability of these exotic species that
encouraged the spread of fire.
In general, the different sizes of patches are related to different functions.
For instance, large patches serve as habitats for interior species or species that
require a large home range, can contain first and second order streams, and serve as
a source for species dispersing through the matrix. Small patches serve as stepping
stones for species dispersal and habitats for small-patch-restricted species that
cannot survive in large patches. A patch protected from human disturbance may
contain important environmental resources such as watering holes and salt licks, or
remnants of unusual vegetation types.
The size of flammable patches of vegetation can also determine the flow of a
fire when it influences the function of those patches as a source and a conduit. For
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example, the extensive acres of flammable vegetation in the Oakland and Berkeley
Hills intensified the fire, creating walls of flame that were hundreds of feet tall.
Small patches of flammable vegetation will also fuel a fire but they contribute less to
its intensity and are easier to extinguish.
Functions associated with corridors and edges
The second and third significant pattern elements found in the landscape are
the "corridor" and the "edge." Corridors are strips of land that differ from the
matrix on either side. Riparian strips and canyons are naturally created corridors
and roads, hedgerows and powerline strips are human created corridors. Unlike an
edge, a wide corridor can contain interior habitat as well as two edge zones. Edges
cannot contain interior habitat because they are defined as the outer bands of
patches, the environment of which is significantly different from the interior of a
patch (Forman and Godron 1986). Also, a wide corridor facilitates the movement
of both edge and interior species because it contains interior habitat. Edges, on the
other hand, may possess only edge species due to the so-called "edge effect,"
which favors certain species over others, and implies both higher productivity and
higher predation rates (Forman and Godron 1986 pp. 108-109).
Edges and corridors have different functions. The edge of the patch buffers
the interior portion of the patch and provides habitat for edge species. Corridors
have the added ability of facilitating the movement of animals, plants, and genetic
materials across the landscape from one patch to many other patches. The way that
corridors encourage or prohibit flows across the landscape are illustrated by the
manner in which corridors function. For example, they act as conduits by
promoting flows in the landscape or barriers by prohibiting the movement of
organisms in the landscape.
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Corridors also filter flows and act as sources, sinks, and habitats. In their
study of the dispersal corridor principal, Harris and Scheck (1991) stated that
corridors play a crucial role as conduits in the movement of genetic material
between habitat patches within a metapopulation. They also point out that the
construction of roads, which are corridors for people and large mammals, fragment
the landscape and prevent the movement of interior bird species into adjacent
patches of forest. In terms of wildfires, Radtke (1983) states that the saddles in a
canyon corridor are "wide paths for fire winds, and vegetation growing there will
normally ignite first" (Radtke 1983 p. 34). They act as conduits for fire when they
concentrate the movement of fire through the canyon up steep slopes to the ridges in
much the same way as a chimney concentrates the flow of the convective column of
a fire from the fireplace to several feet above the roof. (See Figure 2.4 on the
following page.) A corridor that acts as a fuelbreak in the vegetation can also
function as a barrier. For example, vegetation removal around the home can
prevent the flames from moving toward the house.
The size of the corridor determines the way in which a corridor is utilized.
For example, a wide and long corridor of flammable vegetation supports a large fire
while a short and narrow band of flammable fuels contains the fire. Nodes and
gaps in a corridor also affect the movement of fire in the landscape. For example,
large breaks in flammable vegetation impede the movement of flames while small
gaps slow the spread of fire.
Matrix functions
The final pattern element is the "matrix." Forman and Godron (1986)
define the matrix as the "most extensive and most connected landscape element type
present which plays the dominant role in landscape functioning. The matrix is also
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Figure 2.4:
The Influence of Saddles in a Canyon Corridor on Fire Spread
(Radtke, 1983)
The saddles in a canyon corridor are "wide paths for fire winds, and
vegetation growing there will normally ignite first" (Radtke 1983 p.
34). They act as conduits for fire when they concentrate the
movement of fire through the canyon up steep slopes to the ridges in
much the same way as a chimney concentrates the flow of the
convective column of a fireplace to several feet above the roof.
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the landscape element surrounding a patch" (Forman and Godron 1986 p. 596). In
my analysis of fire behavior and the spatial patterns of the landscape in the Oakland
and Berkeley Hills, the nature of the matrix varies depending on whether the patch
considered is a house and its yard, a housing development, or the wildland setting
which contains patches of housing development.
The mix of matrix types makes it difficult, and not very useful, to address
this pattern element separately. Instead, I try to address the pattern and type of
matrix by looking at the other pattern elements (patch, edge, and corridor) across
several spatial scales (homesite, cluster, and neighborhood).
Source
A pattern element can function as a "source" when it produces objects and, I
would add, gives off energy. A patch, a corridor, an edge, or a matrix that contains
flammable vegetation can act as a source for the release of energy in a fire.
Eucalyptus trees are especially prone to fire because they shed their bark. The
accumulation of this debris helps to quicken the spread of fire. This was the case
specifically in the 1991 Oakland and Berkeley Hills firestorm. Doug McConnell,
KPIX weatherman and environmentalist, estimated that many areas of the Eastbay
hills had approximately 80 tons of eucalyptus trees per acre standing on them.
These patches of flammable vegetation, along with homes containing wood
shingles on southern-facing slopes, served as sources for surface fire when
airborne fire brands ignited them.
Sink
A pattern element functions as a "sink" when it absorbs objects. An area
where a fox eats a rabbit would be a sink for the rabbit. Road corridors serve as
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sinks for wildlife who are threatened by cars. I would add for the sake of this
characterization that the sink could absorb energy (fire); a sink for fire would be an
area where a wildfire dies out. Fuelbreaks, wetlands, rocky ridges, and areas
where nothing will burn within patches, corridors, edges, and matrixes are all
examples of sinks for fire. In 1991, Lake Temescal, certain portions of freeways,
and heavily urbanized areas in the Lowlands of Oakland and Berkeley that
contained great quantities of cement and little vegetation served as sinks for the
wildfire.
Conduit
The "conduit" is the preferential movement route of objects and energy. A
pattern element can function as a "conduit" for objects and energy. Road corridors
which contain animal roadkills (an attractive food source) and are cleared of
vegetation and snow can act as conduits for raptors and large mammals which
forage for food. (Bennett 1992) Desert bighorn sheep utilize stream beds as
conduits because they simultaneously provide food and an escape route (Forman
and Godron 1986). In the Oakland and Berkeley Firestorm of 1991, Wildcat
Canyon acted as a conduit for fire. The preferential direction for the wildfire was
up the steep slopes to the tops of ridges that ran along Grizzly Peak Boulevard,
Broadway Terrace, Alvarado Road and Ocean View Drive. These slopes created a
situation where the flames were directed toward new fuels in much the same way as
wind bends flames on flat surfaces. This process is often called the "chimney
effect." The funnel shape of the canyon also contributed to the increased intensity
of the upslope fires, where these slopes converged.
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Barrier or filter
A pattern element can also serve as a "barrier" or a "filter." A barrier
prevents the flow of objects and energy and a filter slows the movement of objects
and energy across the landscape. In their study concerning the effects of road
corridors on populations of small mammals in south-eastern Ontario and Quebec,
Oxley, Fenton, and Carmody (1974) concluded that a four-lane divided highway
"may be as effective a barrier to the dispersal of small forest mammals as a body of
fresh water twice as wide" (Oxley, Fenton, and Carmody 1974 p. 56). Such a
barrier can also deflect flames and heat. For example, freeways of a certain size
and parking lots act as barriers to flames because they are constructed of fire
resistant materials that impede the movement of flames. An enormous parking lot
with a sprinkling system deflected flames from an inn next to Old Faithful in the
fires of 1988 in Yellowstone National Park (Fuller 1991 p. 25). Decks in wildland
areas can also act as barriers when they are enclosed by nonflammable solid skirts
composed of concrete block, gypsum board or stucco that deflect flames from a
house.
The narrow, winding roads throughout the fire area in the Oakland and
Berkeley Hills were not wide enough to act as barriers to flames. As a result, the
fire was able to gain enough momentum to leap over the Warren Freeway, the
Rumford Freeway, and the Caldecott Tunnel. During the latter part of the
firestorm, however, when cool coastal breezes weakened the fire, the freeways and
main roads did act as barriers to its flanks and head. In addition, several homes
located on flat land constructed of fire resistant materials or soaked with water
deflected flames and survived.
An edge to a field or a forest can act as a filter when it slows the movement
of objects and energy. For example, hedgerows are planted by farmers to decrease
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the amount of erosion by slowing the movement of water. They are also used to
contain cows in fields, to prevent predatory animals from entering livestock fields,
and to improve the water quality of streams and lakes by filtering pesticides,
nitrogen, and phosphorous from agricultural runoff (Burel & Baudry 1990).
A fuelbreak can also act as a filter. It is composed of a trimmed fire
resistant understory in a patch, which can slow the movement of fire because the
vegetation is not readily available for pyrolysis. It allows fire to filter through the
area at the ground level and prevents the flames from climbing to the crowns of
trees. There was no such filter in the 1991 firestorm. The dense understory in the
Oakland and Berkeley Hills served as a fire ladder to aerial fuels. Richard Wilson,
the Director of the California Department of Forestry and Fire Prevention, says that
residents in the Oakland/Berkeley Hills should live beneath an open canopy rather
than in dense groves of trees. Instead of planting 200 trees per acre, they should
plant 2, 3, or 4 trees per house. This replacement of the urban forest with a
residential landscape would create a more open and defensible matrix.
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CHAPTER 3
Ten Strategies: Reducing Human and Economic Losses to Wildfires
in the Urban/Wildland Interface
This chapter discusses a range of ten general strategies that can be utilized
by planners to think through or "brainstorm" more fire-safe plans for communities
located in urban/wildland interfaces. The strategies are grouped according to three
general categories. The first category deals with the prohibition of new buildings
and the removal of existing dwellings from the area to minimize human and
economic losses. The second category assumes that rebuilding takes place in the
fire area and focuses on those strategies that involve re-designing the area so that
fires are less likely to cause the loss of life and property. A final category presents
strategies related to emergency response.
These strategies incorporate the information presented in Chapters 1 and 2
concerning previous settlement patterns and practices in the Oakland and Berkeley
Hills, fire behavior, the significant pattern elements of landscape ecology, and the
way that these pattern elements function to influence the movement of fire in the
landscape. An understanding of both urban history and the landscape ecological
principles presented in the previous chapters assisted me in discussing each
strategy, maintaining an emphasis on spatial pattern and scale. Those strategies that
are already being utilized in the Oakland and Berkeley Hills are presented
throughout this chapter. A discussion of why these strategies were probably
utilized over other strategies in the Oakland and Berkeley Hills is presented in
Chapter 4, along with alternatives generated in this thesis. (For a brief summary of
the ten strategies and the recommendations that are currently being done and could
be done see Tables 3.1 and 3.2 on the following pages.)
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Table 3.1
Summary of Ten Strategies that Can Be Utilized to Reduce the Loss
of Life and Property in an Urban/Wildland Fire
Strategy Applications Recommendation
(1) Prevent The Marshalling Prevent wildfires in the first Remove all fuels and water
Of The Form Of Energy In place the whole area (change the
The First Place climate, in other words!)
(2) Prevent The Release Of Prevent the wildfire from Practice fire suppression in
Energy spreading strategic areas
(3) Separate, In Space Or Separate, in space or time, Move remaining structures
Time, The Energy Being fire from the susceptible out of the most extreme fire
Released From The structure. hazard areas, and don't rebuild
Susceptible Structure
(4) Reduce The Amount Of Reduce the fuel Reduce density of homes and
Energy Marshalled flammable vegetation in
steep terrain
(5) Strengthen The Rebuild homes in a more fire Use fire-safe designs and
Vulnerable Structure resistant manner. materials
(6) Modify The Contact Modify appropriately the Use fire resistant building
Surface, Subsurface, Or Basic contact surface so that it is material and fire retardants
Structure fire resistant.
(7) Separation By Separate through the Use fire resistant walls and
Interposition Of A Material interposition of a barrier, fuelbreaks in a specific way.
"Bamer" rather than a separation in
space or time as in strategy
#3, the fire from the
vulnerable structure.
(8) Modify The Rate Or Guide, slow, or stop the Use of fuelbreaks in a
Spatial Distribution Of movement of flame. strategic way.
Release Of The Energy From
Its Source
(9) Promote Rapid Detection Evaluate and counter the Conduct fire watches and
And Evaluation Of The damage not prevented by diagram evacuation routes.
Damage That Has Occurred measures under the preceding
Or Is Occurring, And Counter strategies.
Its Continuation And
Extension
(continues on page 42)
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(continued from page 41)
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(10) Stabilization Utilize the appropriate Design for an
intermediate and long-term environment of disturbance;
reparative and rehabilitative don't return to the pre-disaster
measures between the status
emergency period following
the wildfire and the final
stabilization of the process.
Table 3.2
Summary of Current and Proposed Recommendations that Can Be
Utilized to Reduce the Loss of Life and Property in an
Urban/Wildland Fire
Recommendation Done Presently Could be Done
(1) Remove all fuels and Nothing Nothing
water the whole area (change
the climate, in other words!)
(2) Practice fire suppression Practice widespread fire Practice fire suppression in
in strategic areas suppression extreme fire hazard areas.
(3) Move remaining Stop insuring homes in fire Perform relative fire hazard
structures out of the most prone areas - Transamerican severty rating (extreme, high
extreme fire hazard areas, and Insurance group (H) andmoderate) (N)
don't rebuild -Require fire-safe building -Acquire land i extreme fire
codes and landscape practices hazard areas - bought by
in Fire Prevention and National Park Service,
Suppression District (H) transfer of development
rights, and conservation
easements (N)
(4) Reduce density of homes -Remove flammable *Strategic placement of
and flammable vegetation in vegetation around home (H) neighborhood gardens (N)
steep terrain -Remove flammable -Implementprescribed
vegetation in neighborhood burning (N)
(N) -Increase space between
-Setup fire resistant clusters in steep terrain (C)
demonstration gardens (C) -Maintain landscapes in
-Removal of vegetation ecotone (C)
around homes in Fire -Increase space between
Prevention and Suppression homes in steep terrain (H)
District (H)
(5) Use fire-safe designs and -Review home plans (H) *Restructure cluster or
materials to strengthen the -Implement fire-safe building community so more fire-safe
vulnerable structure codes in fire hazard district (C, N)
(H) -Review cluster and
neighborhood design (C, N)
(6) Use fire resistant building -Drop fire retardants from 'Sprninders in common areas
material and fire retardants to helicopters (N) (C, N)
modify the contact surface -Spray foam on homesitep
-Install spIinneers on roofs
and in yards (a n
(continues on page 44)
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(continued from page 43)
= Homesite Scale
= Cluster Scale
= Neighborhood Scale
(7) Use of fire resistant walls -Build fire resistant wall -Place freeways strategically
and fuelbreaks in a specific around home (H) (N)
way *Construct pool next to Build fire resistant wall
house (H) around cluster of homes (C)
wPlace driveway strategically *Place pond next to cluster
(ho) (C)
(8) Use of fuelbreaks in a -Develop setbacks from *Manage common areas to
strategic way hillsides so flames can't reach serve as fuelbreaks (C, N)
home (H) Strategic placement of
Strateg-ic placement of fuelbreaks in extreme fire
fuelbreaks around a home (H) hazard areas (C, N)
-Construct homes, clusters
and neighborhoods on valley
floor (H , C, N)
(9) Conduct fire watches and -Conduct community-wide Conductneghborhood-wide
map evacuation routes fire drill (C, N) fire watches (C, N)
hMap evacuation routes (H, 'Sound horni neighborhood
C, N) when fire is approaching (C,
-Post signs that display fire N)
weather conditions (extreme,
high, moderate) (N)
'istall fire iant in home
(H) (H,_C,_N)
(10) Design for an Implementation of fire Implement comprehensive
environment of disturbance; prevention strategies in an ad fire-safe plan
don't return to the pre-disaster hoc manner
status
-Cnucnigbrho-wd
*H
** C
*** N
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3.1 Category 1- Do Not Rebuild in the Extreme Fire Hazard Areas
If planners and political leaders decide that it would be unwise to rebuild in
areas with extreme fire hazards, they would utilize strategies 2 and 3.9 Strategy 2 is
to prevent the wildfire from spreading and strategy 3 is to separate, in space or
time, the fire from the susceptible structure. A relative fire hazard rating system
would be critical in distinguishing the most extreme fire hazards areas as well as the
high and moderate fire hazard areas. This includes defining the thresholds for each
of the three fire hazard categories so that certain areas can be designated as more
flammable than others. The most drastic fire prevention strategies (such as
strategies 2 and 3, which will be discussed shortly) can then be targeted for use in
the most extreme fire hazard areas.
Strategy 2
Strategy 2 is to prevent the wildfire from spreading. Widespread fire
suppression was the U.S. government's way of preventing conflagrations in the
past. This time consuming and costly tactic did prevent fires initially, however,
over the long term it increased the amount of woody debris and litter on the forest
floor and around homes, thus setting the stage for incredibly intense uncontrollable
conflagrations. In the short run fire suppression can be a method for preventing
fires at all three scales. However, I would not recommend that this method be used
alone for fire prevention because in the long run the accumulation of fuels in the
wildland/urban interface turns these areas into explosive fire sources.
9Strategy 1 is to prevent wildfires in the first place. This is impossible, however, due to
the climate, the topography, and the natural history of the fire-prone area. There is no
reasonable recommendation which can be made here, except to remove all fuels, flatten the
mountains, and water the whole area!
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Fire suppression can also negatively impact the ecology of wildland areas.
For example, the turning of the soils increases erosion, encourages the growth of
non-native plants, and leaves scars in the landscape. Mammals are often killed
when they collide with firefighting vehicles and fish are killed when fire retardants
are sprayed in or near bodies of water. In addition, the pumping of streams
decreases water levels and disturbs their natural processes (Schullery 1989 p. 690).
Fire suppression is perhaps the most widely used tactic to prevent wildfires
because it allows homeowners to retain the illusion that they can rebuild on their
property if they desire and be safe from flames. Many homeowners simply rebuild
their houses in the same manner that they had before the wildfires, simply buying
more expensive firefighting equipment with the belief that fire suppression will
solve their problem. They often blame the lack of firefighting equipment as the
result of the devastation rather than the accumulation of fuel and the construction of
fire-prone homes in extreme fire hazard areas (Lopez 1991 p. 20).
For the previous reasons, widespread fire suppression can't be recommend
as a planning strategy alone. As shown in the 1991 Oakland and Berkeley
Firestorm, widespread fire suppression tactics were costly and ineffective.
However, perhaps the pre-planned use of fire suppression along with other fire
prevention strategies in extreme fire hazard areas in the urban/wildland interface
could minimize fire spread and firefighting costs.
Strategy 3
Strategy 3 is the separation, in space or time, of fire from the susceptible
structure. Interior Secretary Bruce Babbitt and Mike Davis, author of City of
Quartz: Evaluating the Future of Los Angeles, believe that too many people are
moving to the mountains and canyons and a separation of homes and fires (strategy
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3) should take place. This strategy does not allow for the rebuilding of structures in
extreme fire hazard areas. After the Southern California fires in Malibu and the
Laguna Beach area in the fall of 1993, Davis advocated an immediate moratorium
on further hillside development and suggested fire zoning to establish the fiscal
responsibility of foothill homeowners and for them to pay a larger share of the cost
of protecting their homes (Davis 1993 p. M1 & M3).
Fire zoning would involve the rating of land in terms of the relative severity
of the fire hazard and the prohibition of building in extreme fire hazard areas.
Every attempt should be made to purchase undeveloped land, transfer development
rights or use conservation easements to acquire land in these areas and to zone it as
an extreme fire hazard area where development is prohibited.10 Additional areas in
the urban/wildland interface could be zoned for high fire hazard and moderate fire
hazard, in which development is limited and fire-safe building codes and
landscaping practices are strictly enforced. In a related example, the National Park
Service is currently trying to buy land in the canyons and mountains of Malibu in
Southern California so that further development can be curtailed. The curtailment
of new hillside development will preserve the wilderness ambiance for the residents
who already live there and keep it attractive for hikers, naturalists, and tourists who
bring revenue into the area (Olshansky 1995).
In order to separate homes from fire in time, a policy of requiring removable
housing could also be adopted. Townsfolk in northern Japan were able to cart their
homes away and out of the path of an encroaching fire. Their homes were held
together with pegs that allowed them to be quickly dismantled. Important papers,
1 QIf communities depend on the land adjacent to the park boundaries for their livelihood,
then tax reliefs (e.g. conservation easements) may be a way to offset the income foregone
from alternative uses or development.
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furnishings and family treasures were placed in a Kura. A Kura is a fireproof
storehouse with no windows, thick plaster walls, a tile roof, and stone shutters that
can be placed over vents (Stoumen 1994 p. 48).
Negative and positive aspects may be perceived in merging the planning tool
of zoning and the landscape ecological tool of hazard characterizations in strategies
2 and 3. Both tools can be used together to identify extreme fire hazard areas and
prohibit development (or implement the strictest design tactics) to prevent the loss
of life and property in these areas. This would be viewed negatively by
homeowners who could not re-construct their homes or would have to comply with
strict ordinances in these areas. On the other hand, these undeveloped areas could
be strategically utilized in the larger fire-prone landscape to act as additional
fuelbreaks, buffering homes located in adjacent high and moderate fire hazard
areas.
Strategies 2 and 3 are more extreme than strategies 4 through 10 because
they would prevent construction in areas where residents have historically owned
homes. Even though a moratorium on all hillside development or the permanent
removal of homes from the fire area in the Oakland and Berkeley Hills seems
unlikely due to pressures from homeowners who refuse to give up their panorama
views, quiet nights, clean air, and other suburban amenities, one insurance
company (the Transamerica Insurance Group) has stopped its policy of subsidizing
the rebuilding of homes in fire-prone areas after it received nearly 300 claims and
paid more than $100 million in settlements to victims of the October 20, 1991
wildfire in the Oakland and Berkeley Hills. It ordered its agents to stop writing
policies for homes in the East Bay hills. They also stated that "the company's
agents will avoid other heavily wooded spots laced with expensive homes, such as
Mill Valley and Hillsborough, that may be ripe for fire" (Johnson 1992 p. A4).
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The state of California has also passed the Bates bill that requires the mapping of
fire hazard areas for which county officials have adopted specific fire-safe
regulations (Fulton 1995 p. 8). Further discussion of the specific fire-safe
regulations that have been adopted in the Oakland and Berkeley Hills is presented
throughout this chapter as they are related to the 10 general strategies for reducing
losses due to fire.
3.2 Category 2 - Rebuild in a More Fire-Safe Manner
The prohibition of building in extreme fire hazard areas in the first place, or
the removal of structures from extreme fire hazard areas, as discussed in the two
preceding strategies, would definitely reduce future human and economic losses
from fire. However, if homeowners and developers insist on building homes in the
wildland matrix, then strategies 4 through 10 can be utilized at all three spatial
scales to create a new level of fire-safe community design. In this scenario the goal
would be to minimize the loss of property and life in the fire area through strategic
spatial arrangements.
Strategy 4
Strategy 4 is to reduce the amount of fuel in the area. Increasing the amount
of space between homes, clusters of homes, and communities in steep terrain can
reduce the amount of fuel that the fire will have to sustain itself. In Table 3.3 on the
following page, Howard Moore, author of "Protecting Residences From Wildfires:
A Guide For Homeowners, Lawmakers, and Planners," recommends a density of
one home per every four to five acres in areas of extreme fire hazard, one home per
acre in high fire hazard areas, and three homes per acre in areas with a moderate fire
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hazard. In extreme fire hazard areas he states that homes must be spaced 100 feet
from one another and set back 50 feet from the property line. In moderate fire
hazard areas he recommends that buildings be spaced 60 feet from one another and
set back 30 feet from the property line. Spacing requirements between buildings
and their property lines prevent flames in one structure from igniting adjacent
structures. It is important to set up guidelines in fire hazard areas that limit the
number of structures per acre because homeowners and developers in the past have
split building lots and constructed homes just a few feet apart.
Table 3.3
Density and Spacing Guidelines for Individual Buildings and
Clusters
(Source: Moore 1981)
Individual Individual Individual Clusters Clusters
Buildings Buildings Buildings
Fire Density Spacing Property Be- Be-
Hazard Line tween tween
Class Setback Build- Clusters
ings
Moder- 3 per acre 60 feet 30 feet 30 feet 100 feet
ate
High 1 per acre 80 feet 40 feet 40 feet 150 feet
Extreme 1 per 4-5 100 feet 50 feet 50 feet 200 feet
acres
Along with the construction of fewer homes in extreme, high, and moderate
fire hazard areas, Richard Wilson, the Director of the California Department of
Forestry and Fire Prevention, advocates the removal of dangerous concentrations of
brush in the creation of fuel breaks in vegetation to prevent conflagrations at the
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homesite, the cluster of housing, and the neighborhood scales. In terms of
vegetation removal at the neighborhood scale, he says that residents in the Oakland
and Berkeley Hills should maintain an open canopy rather than a grove of trees.
Instead of planting 200 trees per acre, they should plant no more than 2, 3, or 4
trees per homesite and 20, 30, or 40 trees per cluster of housing because the
replacement of the urban forest with a residential landscape will create a more open
and defensible matrix (Arbor Day Symposium & Celebration of Spring 1992,
Section 1).
At the homesite scale, Wilson states that homeowners should maintain a
defensible space or fire break around their homes by clearing all flammable
vegetation within a minimum of 30 feet around their dwellings. California laws
require clearing all flammable vegetation a minimum of 30 feet around a home.
(See Figure 3.1: East Bay Municipal Utilities District's Vegetation Clearance
Guidelines Around a Home on the following page.) The California Department of
Forestry and Fire Protection state that this minimum distance may not provide
adequate defensible space, depending on the slope and type of vegetation present.
Table 3.4 offers a guide to minimum clearance in relation to the percentage of slope.
Table 3.4
Guide to Minimum Vegetation Clearance
(Source: Stekel 1995)
Slope percentage Uphill Sides Downhill
Level to 20% 100 feet 100 feet 100 feet
21% to 40% 150 feet 150 feet 200 feet
41% to 60% 200 feet 200 feet 400 feet
Figure 3.1
East Bay Municipal Utilities District's Vegetation Clearance
Guidelines Around a Home
(Source: Baptiste 1992)
Zones
Trim and thin fringe areas
Zone one is the first 30 feet around the house, or up to the property line for smaller
lots. This is the landscape zone, for foundation plantings. It may contain
traditional trees, shrubs, groundcovers, and lawn. Plants here need to be the most
fire-retardant, and should not include any pyrophytes that are high in oils and
resins, such as pines and greasewood (Adenostoma fasciculatum). Thick succulent
or leathery leaves are the most fire-retardant, while paper-thin leaves and small,
twiggy branches are the least retardant. Trees and shrubs often reseed themselves,
and you may find unwelcome strangers; regular maintenance is important.
Zone two is the middle area, the next 30-to-70 feet away from the house. This
zone should include low plants, up to 18 inches high, such as fire resistant
groundcovers, to act as a fuel break and prevent the spread of ground fires. Larger
lots should use zone two, and zone three as well.
Zone three includes fringe areas adjacent to wildlands or open space. The
synthetic wildland, a mixture of native and introduced vegetation, should be
trimmed and thinned within and immediately adjacent to your yard, to help
prevent a fire in the wild area from spreading to your home. Be cautious with
slopes. If you have a large lot, the fringe areas should be maintained regularly to
eliminate a buildup of dry brush and other litter.
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In their Hillside Design Guidelines shown in Figure 3.2 below, the County of Los
Angleles require the removal of all native vegetation over 18 inches within 100 feet
from the house and a 20 foot setback from the edge of the cliff.
Figure 3.2
Hillside Design Guidelines for the County of Los Angeles
(Source: Olshansky 1995)
100 F T
ALL NATIVE GROWTH OVER
16 INCHES REMOVED
_ ROOF -
FIRE RETARDANT MATERIAL
NATIVE BRUSH THINNED - MAINTAINED
Flammable vegetation high in oils or resins, such as pines trees, junipers
trees, and eucalyptus trees, should be replaced by fire resistant landscaping. Low-
growing, deep-rooted, drought tolerant ground covers should be planted on the
slope within 200 feet of the homesite to stabilize the soil. Large native trees such as
the Coast Live Oak should be kept on the slope beyond the 200 foot reduced fuel
zone because they play a crucial role in anchoring the hillsides. They should be
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pruned regularly to remove woody growth and irrigated occasionally in the summer
to maintain moisture levels. Homeowners can reduce fuels in common areas by
working with their neighbors (Baptiste 1992 p. 8).
After the 1991 Firestorm in the Oakland and Berkeley Hills, the East Bay
Municipal Utilities District (EBMUD) produced a list of fire resistant species that
included African daisies, ice plants, periwinkles, creeping rosemary, Toyon, and
Coast live oak. They state that to maintain their fire resistance, homeowners need
to water and prune vegetation around their homes to remove dead leaves and
branches. They also need to plant fire tolerant shrubs and trees in groups,
separated from one another, so that flames cannot jump between plants. A few
more vegetation removal tips which Wilson advocates in the California Department
of Forestry and Fire Prevention's standard document entitled Fire Safe - Inside and
Out are the trimming of trees within ten feet of chimneys; the cleaning of needles
and leaves from the roof, eaves and rain gutters; and stacking woodpiles at least 30
feet from buildings, fences and other combustible materials (California Department
of Forestry and Fire Prevention 1993 p. 3).
At the neighborhood and cluster levels, the use of fire resistant landscaping
and its maintenance in the ecotones between homes could be coordinated by
neighbors. EBMUD and homeowner' s associations have already set up firescape
demonstration gardens that attractively display fire tolerant, drought resistant, and
low maintenance plants. A fire resistant garden of succulent plants is already in
place in front of the Henry J. Kaiser Elementary School on Hiller Drive. EBMUD
has also sponsored three more fire resistant gardens at Lake Temescal, Shepherd
Canyon and Lakeside Park. These gardens can serve as models for larger
landscapes in terms of which fire resistant plants can be utilized in neighborhood
gardens (Baptiste 1992 p. 10-13).
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Novato's Black Point neighborhood, located in a wooded, steep hillside
area in Manin County across the bay from Oakland and Berkeley, California shares
Wilson's belief in the maintenance of a defensible space around homes. They have
developed an innovative program called Homeowners Emergency Action Response
Team (HEART) at the neighborhood scale. The aim of HEART is to prepare
residents and businesses to cope with a variety of emergencies including house
fires, earthquakes, hazardous spills, search and rescue, medical emergencies and
wildland fires (Liberatore 1992 p. 1).
To implement the defensible space concept at the neighborhood level, they
used a chipper to get rid of the dead wood that had accumulated everywhere;
thinned the thick canopy of trees; cleared trails and yanked out Scotch Broom and
other weeds; and opened up a second emergency exit which had been overgrown.
The residents also created a fire safe haven for cars and drew up a map of
evacuation routes. Finally, they planned a community wide fire drill (Liberatore
1992 p. 1).
Along with Director Wilson and the residents of Novato' s Black Point
neighborhood, the Oakland City Council believes that the removal of patches of
flammable vegetation must be enforced around homesites. On February 16, 1992
through the creation of a Fire Prevention and Suppression District, a fire-prevention
tax aimed only at Oakland Hills residents was approved by the City Council.
Under the provisions of this 10 year fire-prevention tax, hill residents pay $75
annually to cover the cost for clearing vegetation in high-risk areas and for placing
firefighters at fire-alert centers during the hot and dry seasons. It also finances
routine inspections to ensure that homeowners comply with strict new fire
prevention laws (Halstuk 1993 p. A11).
At the homesite scale, money from a $50 million bond provided by the
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Federal Emergency Management Agency (FEMA) to improve emergency
preparedness in the Oakland and Berkeley Hills has been used by city officials to
pay firefighters to inspect hillside properties and cite owners who fail to clear
dangerous trees or plants upon a second visit. Up to November, 1992, they had
performed 16,000 such inspections; 3,000 homes were found out of compliance
(Hardy 1992 p. B-I & B-4).
Besides vegetation removal around residences, Wilson recommends the
creation of fuel breaks at the neighborhood scale to act as barriers to flames.
Prescribed fires, grazing, hand work, and the use of brush clearers would turn the
Oakland Hills into a park-like oak woodland that would be more defensible.
Wilson believes that prescribed fires need to be part of the on-going management of
the suburban East Bay.
Even though permits are difficult to obtain and the prescribed fires would be
near heavily populated neighborhoods, controlled fires would give urban
firefighters the chance to observe wildland fires and gain experience working in the
wildland setting (Moffat 1992 p. 112). Also, if residents play a role in the
prescribed burning, the event could be a festive and educational one. Residents
would feel more connected to their natural environment and play a major role in the
fire prevention process. At the neighborhood scale, prescribed burning workshops
could be held in a community center or offered at the University of California at
Berkeley.
Strategy 5
The fifth strategy, strengthening the vulnerable structure, calls for the
rebuilding of homes in a more fire resistant manner. Unlike the previous strategy,
this one focuses on the physical structure of the home, clusters of several homes,
56
and the structure of the neighborhood. For an example of strengthening social
structures at the neighborhood scale, groups of homeowners in the Oakland and
Berkeley Hills meet to review house plans and encourage the use of stucco walls,
steel and tile roofs, and flame-retardant shrubbery. They have also bought fire
hoses and extinguishers and learned how to use them (Leong 1994 p. 41). In
Community Voices: A Resource Guide For Rebuilding, the California Emergency
Design Assistance Team (CEDAT), which was organized by the East Bay Chapter
of the American Institute of Architects, emphasized cooperation between neighbors
in the design review process because fires do not respect property lines. For
example, if several fire-safe homes in a cluster of housing surround a dwelling with
a flammable roof and an overgrown yard, these houses are more at risk (American
Institute of Architects 1991 p. 93).
Regionally, Oakland's city government instituted new provisions within its
building codes which apply to fire hazard zoning districts in the region. Some
details of these new provisions to be implemented at the homesite scale, were the
banning of wood roofs; requiring the use of class "A" roofs constructed with non
combustible roofing materials such as ceramic tiles, concrete tiles, metal tiles,
pressure-treated cedar shakes, fiberglass shingles, or perlite shakes; prohibiting the
use of attic venting under the eaves; requiring the use of gypsum sheeting on the
walls to assure at least a one hour burn resistivity; and enforcing the state energy
codes governing the use of double-panes of glass.11 (See photographs on the
following page.)
At the homesite scale, Oakland's city government recommends that if a fire
11 Single-pane windows help fuel a fire because even from a distance of 30 feet, the heat
from a wildfire can ignite furnishings inside of a house. Wind blown debris also has a
better chance of breaking a single-pane window allowing flames to enter more easily.
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As shown above and below, stucco as well as steel and tile roofs have been
utilized by hill residents to make their homes more fire-safe.
is approaching a home, stone shutters, fire curtains, or aluminum fire shelters be
placed over the windows to prevent the windows from breaking or heat from
radiating into the interior of the house. In addition, they recommend that walls,
fences, and railings be constructed out of nonflammable masonry, wrought iron, or
chain link. Arbors or trellises should be constructed out of heavy timbers that are
difficult to ignite. Decks in wildland areas should be constructed out of
nonflammable brick, tile, concrete, or wood that has a 1-hour fire rating and
enclosed by nonflammable solid skirts composed of concrete block, gypsum board
or stucco. These materials would act as a barrier by deflecting flames away from
the deck (Moffat 1992 p. 112). (See Figure 3.3: Design Features Included In
Homes To Make Them Fire-Safe on the following page.)
Pools, hot tubs, or ponds built alongside pumps can serve as reservoirs for
the fire department and act as sinks for flames. Gas powered pumps would be ideal
because electric power lines are knocked down during firestorms leaving
neighborhoods without electricity. It is also important that the pools are constructed
so that a fire engine could get within 16 feet of the water source. If that cannot be
done, then a drain pipe should be located in a spot where firefighters could place
attachments on it (Moffat 1992 p. 112).
At the cluster scale, the placement of clusters of housing in a particular
shape may make them less vulnerable to flames. A circular shape would minimize
the amount of edge that would be exposed to flames. Special attention to fire
resistivity could be placed on the homes located on the outer portion of the cluster
because they could act as barriers to the flames. Fire resistant urban gardens or
bands of irrigated land used as community gardens located around clusters of
housing could also act as fuelbreaks. (See Figure 3.4 on the following page.)
The drastic restructuring of the community through the utilization of
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Figure 3.3
Design Features Included In Homes To Make Them Fire-Safe
(Source: Sunset Magazine, Reprint from September 1983)
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Figure 3.4
Fire Resistant Urban Gardens or Bands of Irrigated Land Located
Around a Cluster of Housing
At the cluster scale, the placement of clusters of housing in a
particular shape may make them less vulnerable to flames. A
circular shape would minimize the amount of edge that would be
exposed to flames. Special attention to fire resistivity could be
placed on the homes located on the outer portion of the cluster
because they could act as barriers to the flames. Fire resistant urban
gardens or bands of irrigated land used as community gardens
located around clusters of housing could also act as fuelbreaks.
Homes
Fire
different suburban models could also reduce the loss of life and property in a
wildfire. Two such suburban models are discussed below:
1. The "Ecovillage" Model (See Figure 3.5 on the following page)
Urban Ecology, an environmental group based in Berkeley, has
published a work entitled "Oakland/Berkeley Hills Firestorm
Recovery and Ecological Building" in which they advocate the
rebuilding of the Oakland/Berkeley community from the ground up.
They believe that the State of California should provide a large loan
to establish a corporation to buy up land at fair market prices to
expand the greenbelt and help build one or two "ecovillages" in
which fire victims would have the first option for purchase. The
state loan would eventually be paid off as the acquired land was
resold to the home owners and developers of this ecological town
(Register 1991 p. 4).
In their ecovillages, they recommend that the Oakland and Berkeley
city governments rezone the fire area to increase the diversity,
density, and building height limits to provide more housing space
and compact communities that would support public transit systems.
Jobs would be located near housing and commercial activities to
discourage the use of the private automobile and increase firefighter
availability per acre. (Register 1991 p. 5-7). I would further
recommend that a fuel modification area be set up around the dense
urban village to act as a buffer to flames originating from the
wildlands.
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Wildlands
Figure 3.5: The "Ecovillage" Model
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Figure 3.6: The "Doughnut" Model
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2. The "Doughnut" Model (See Figure 3.6 on the previous page)
Land could be zoned for the construction of a ring of densified urban land
use around the normal suburb that would act as a barrier to flames. More
infrastructure would support public transit and contain fire resistant
materials such as concrete and fewer trees.
Strategy 6
The sixth strategy, which is to appropriately modify the contact surface so
that it is fire resistant, overlaps the previous strategy in that it also calls for the
strengthening of the vulnerable structure through the use of fire resistant materials
such as concrete, stucco, tile, foam, and aluminum fire shelters. But it differs in
identifying temporary modifications, as well as changes in the essential shape of
structures.
During a firestorm firefighters can modify the surface of homes and electric
poles by spraying fire resistant foam or placing aluminum fire shelters on their
exteriors. Sprinklers can be installed on roofs or in yards to wet surfaces down
before a wildfire approaches so that they would function as barriers to flames. The
drawback of relying on sprinklers is that the water pressure at homes may be cut off
due to the use of large volumes of water in a short period of time by firefighters.
Chemical fire retardants can also be placed on vegetation within the
homesite, the cluster and the region. This is not commonly done because fire
retardants are expensive and not waterproof. They may make unwanted species
proliferate or harm fire resistant plants that a homeowner has spent a great deal of
money on because they contain nitrogen which acts as a fertilizer. The nitrogen-
enriching fire retardants also affect the ecosystem by nurturing the massive growth
of aquatic plants in lakes or reservoirs leading to decreased water clarity and the
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shift in fish species to less desirable types such as carp (Marsh 1991 p. 165).
Strategy 7
The seventh strategy involves a separation through the interposition of a
material barrier, rather than relying on a separation in space and time as in strategy
3. Like strategies 5 and 6, the use of this strategy is also meant to strengthen the
vulnerable structure. However, instead of using fire-safe housing designs or fire
resistant building materials in the structure, this strategy deals with the construction
of a fire resistant wall to deflect flames. The focus here is to prevent flames from
reaching the vulnerable structure. Ponds, pools, small roads, parking areas,
irrigated greenbelts, and wide freeways with walls between the lanes strategically
located near the homesite, in clusters of housing, and in neighborhoods could also
be utilized to direct, filter, or block the flow of fire.
Strategy 8
Strategy 8, which is to guide, slow, or stop the movement of flames, can be
achieved by utilizing strategies 4-7. The use of fire retardants (chemicals, water,
etc.), barriers (such as fuel breaks and walls), and appropriate tactics for attacking
the fire can guide, slow, or stop the movement of flames. The spatial extent of
wildfires can also be decreased by limiting the amount of homes and flammable
vegetation that can act as conduits for fire. Fires propagate by moving into fresh
flammable fuels. Thus, flammable vegetation and fire-prone homes are fuels that
can keep the fire alive and spreading. In addition, the construction of homesites,
clusters of housing, and neighborhoods on the valley floor rather than on steep
cliffs or the utilization of set backs from the cliffs when building homes can prevent
flames from igniting structures and decrease the spread of fire. (See photographs on
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In Oakland's Lower Montclair District, this small earthen dwelling was built on
the valley floor rather than on the steep cliffs. It avoids the narrow, winding
roads further up the ridge and is situated away from other houses.
ow
This home was constructed with a set back from the edge of the cliff, stucco
walls and a fire resistant roof.
the previous page.)
Undeveloped land could also be managed to buffer the developed areas
from wildland fires. For example, the area where the vegetation meets the
homesite, the cluster of housing, and the neighborhood could be thinned (using
cutting or prescribed bums) or replaced with fire resistant vegetation, creating a
fuelbreak. The fuelbreak would prevent a conflagration from developing in these
areas by acting as a sink for flames and fire brands, and at least act as a filter to the
flow if not a complete barrier.
3.3 Category 3 - Emergency Response
Strategy 9
The ninth strategy in loss reduction involves efforts to detect and evaluate
damage that has occurred or is occurring, and to counter its continuation. It is
primarily relevant during a fire emergency, but in the context of continuing fire
hazards (as is the case in California), it must be seen as a basic strategy at all times.
It must be implemented during and after the rebuilding process so that residents
know when they need to escape the fire area as well as which escape routes to take.
There are various methods of detecting fires as quickly as possible. These may
include helicopter sweeps or fire watches by neighborhood groups during the fire
season. Signs could also be posted in the neighborhood alerting residents of the
fire weather conditions (extreme, moderate, or low). Such signs are already in
place in Hiller Highlands and Montclair in the Oakland and Berkeley Hills (see the
photograph on the following page). Once the fire is detected, sprinklers or access
to fire hydrants at the homesite can be used to counter the fire's continuation
(Moore 1981 p. 22).
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Signs alerting residents of fire weather conditions
(extreme, moderate, or low) have been posted in Hiller
Highlands and Montclair in the Oakland and Berkeley
Hills.
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If the detected fire is already burning uncontrollably, then homesites,
clusters of housing, and neighborhoods need to have evacuation routes. In other
words, escape routes must be planned as corridors which are continuous at all 3
spatial scales. Alternative escape routes need to be included in the evacuation plan
if, for example, a road gets blocked by flames. Residents who are not able to leave
the area need to have fire-safe havens such as pools, ponds, or lakes where they
can go to until the fire passes. Lyn Harrison, along with two firefighters, survived
the 1991 firestorm in the Buckingham Boulevard Area by huddling in her
swimming pool under the blue plastic solar pool cover until the fire had passed.
Strategy 10
William Haddon, author of "On the Escape of Tigers: An Ecologic Note,"
defines this strategy as "encompassing all the measures between the emergency
period following the damaging energy exchange [wildfire] and the final stabilization
of the process after the appropriate intermediate and long-term reparative and
rehabilitative measures have been utilized" (Haddon 1970 p. 46).
This comprehensive strategy would not involve returning to the pre-disaster
status. It sets the stage for two possible scenarios, whether to rebuild or not to
rebuild in the urban/wildland interface. If rebuilding does occur, then a new level
of fire-safe design should be implemented at all three scales by utilizing a mixture of
strategies 4 through 8. The notion that the area must be planned for an environment
of continuing disturbance would be emphasized in this strategy.
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CHAPTER 4
Discussion: Does Landscape Ecology Offer Insights for Spatial
Planning in Fire-Prone Areas?
Fire is a spatial phenomenon that cannot be eliminated in areas where it has
been part of the natural disturbance regime for centuries. Since there is no
reasonable recommendation that would completely remove wildfires from the
urban/wildland interface (given the impossibility of removing all the fuels,
flattening the mountains, and changing the climate), an understanding of the fire-
prone area in terms of its spatial patterns and the way that they influence the
behavior of fire is a crucial step in trying to find strategies that will minimize the
loss of life and property at the homesite, cluster, and neighborhood levels.
This crucial step (developing spatially-oriented strategies linking patterns
and processes in fire-prone ecosystems, which "add up" to the neighborhood level)
has been overlooked in the past due in part to political pressures exerted by
homeowners and developers on the municipal government. The emphasis has
traditionally been on fire prevention strategies at the homesite level, with little
attention to how the arrangement of topography and fuels on adjacent clusters of
housing would effect the movement of fire throughout the neighborhood.
The major insight that landscape ecology can contribute to urban planning in
the urban/wildland interface is the creation of fire prevention strategies at the
overlooked scale of the cluster and the neighborhood. Landscape ecology looks at
the spatial patterns of different zones of patches, corridors, and networks within the
ecosystem. Similar concepts can be related to patterns within urban planning. For
example, planners analyze development patterns and flows within zones (or
parcels), and through transportation nodes, corridors, and networks. The key here
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is to analyze the spatial patterns and the development patterns in the urban/wildland
interface at the cluster and neighborhood scale rather than just by the homesite
scale. Looking at the spatial patterns of aggregated individual parcels, as they are
related to adjacent clusters of housing and neighborhoods aids planners in
understanding how the flow of fire will effect more than just one house. This
comprehensive view of the fire area opens up the door to innovative fire prevention
strategies that gain efficiency and efficacy by responding to the spatial patterns of
the fire-prone area at the cluster and neighborhood scale.
One such innovative fire prevention strategy would be the development of a
hazard rating system for the relative severity of fire, that targets extreme, high, and
moderate fire hazard areas and focuses appropriate fire suppression tactics at the
cluster and neighborhood level within these zones. In Table 4.1 on the following
page, I ordered the recommendations presented in Table 3.2 from the most feasible
to the least feasbile in each of the fire hazard zones. I listed recommendations 2 and
3 (prohibit rebuilding, move clusters of housing or neighborhoods out of extreme
fire hazard areas, and practice fire suppression) in the beginning of the extreme
hazard zone column because these drastic recommendation would work best in the
most extreme fire hazard areas. Such recommendations may not be as necessary in
the high and moderate fire hazard zones where fire hazards are not as extreme.
Thus, I listed them at the end of the high and moderate fire hazard zone columns.
Assuming that rebuilding would take place in the less extreme fire hazard
zones, I listed the strategies that involved re-designing the area so that fires are less
likely to cause the loss of life and property (strategies 4-8) at the beginning of the
columns for high and moderate fire hazard zones. Strategy 4 prescribes the
reduction in the density of clusters of housing, neighborhoods and flammable
vegetation around these vulnerable structures (in the sense that neighborhoods
Table 4.1
Summary of Recommendations Listed in Order from the Most
Feasible to the Least Feasible that Can Be Utilized in Three Hazard
Zones to Reduce the Loss of Life and Property in an Urban/Wildland
Fire
Hazard Zones
Extreme High Moderate
(Recommendations listed in (Recommendations listed in (Recommendations listed in
order from most feasible to least order from most feasible to least order from most feasible to least
feasible) feasible) feasible)
(3) Move structures and don't (4) Reduce density of homes (5) Use fire-safe designs and
rebuild and flammable vegetation in materials to strengthen the
steep terrain vulnerable structure
(2) Practice fire suppression (5) Use fire-safe designs and (6) Use fire resistant building
materials to strengthen the material and fire retardants to
vulnerable structure modify the contact surface
(4) Reduce density of homes (6) Use fire resistant building (7) Use of fire resistant walls
and flammable vegetation in material and fire retardants to and fuelbreaks in a specific
steep terrain modify the contact surface way
(5) Use fire-safe designs and (7) Use of fire resistant walls (8) Use of fuelbreaks in a
materials to strengthen the and fuelbreaks in a specific strategic way
vulnerable structure way
(6) Use fire resistant building (8) Use of fuelbreaks in a (4) Reduce density of homes
material and fire retardants to strategic way and flammable vegetation in
modify the contact surface steep terrain
(7) Use of fire resistant walls (9) Conduct fire watches and (9) Conduct fire watches and
and fuelbreaks in a specific map evacuation routes map evacuation routes
way
(8) Use of fuelbreaks in a (3) Move structures and don't (2) Practice fire suppression
strategic way rebuild
(9) Conduct fire watches and (2) Practice fire suppression (3) Move structures and don't
map evacuation routes rebuild
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themselves are structures). Strategies 5 and 6 call for the use of fire-safe designs
and materials in clusters of housing and neighborhoods and strategies 7 and 8
recommend the strategic use of fire resistant walls and fuelbreaks around these
groups of structures.
Recommendation 9, which deals with the development of neighborhood-
wide fire watches and fire drills, is listed near the end of all three hazard zone
columns because it focuses on emergency preparedness rather than the actual re-
design of the fire hazard area. It may be more feasible, however, than
recommendations 2 and 3 in the high and moderate fire hazard zones where the
prohibition of building or fire suppression would not likely occur as discussed in
section 3.1. I left out recommendation 1 (remove all fuels and water the whole
area) in Table 4.1 because it is not possible. Strategy 10, which reinforces the need
to design neighborhoods and clusters for an environment of disturbance (in
ecological terms, a disturbance regime), is not included in table 4.1 because it
applies to each recommendation (2-9).
Each of the recommendations presented in Table 4.1 contains tactics that
vary according to their degree of intervention (from the most drastic to the least
drastic). Defining the thresholds for each of the fire hazard zones is critical in
determining where the appropriate tactics can be utilized. In Figure 4.1 (on the
following page) the extreme fire hazard area is re-designed, based on spatial
patterns, to reduce fire hazard in housing zones adjacent to wildlands. Assuming
that strategies 4-7 are utilized in the housing zones on the highest topographic
points, further intervention (strategy 8) occurs on the slopes that lie just before the
housing zones. Even though the fuels in the area of intervention are not as
flammable as those found in the wildlands, irrigated gardens (fuel breaks) are
strategically placed here to buffer the housing zones from fires originating in the
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Figure 4.1. Re-design, based on spatial patterns, to reduce fire hazard in
housing zones adjacent to wildlands.
Xcontour lines
boundary of residential
topographic low point
house
irrigated gardens
(fuel break)
H P high point
Figure 4.2. Change in hazard zone designation, after implementing re-design
shown in Figure 4.1.
(a) (b)
. . . . . . . ..... ..
. . . . . . . . . . . . ................
Beor s.atgesar.mpemned.
...and after implementing a fire barrier
(gardens) and safer homesite designs.
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wildlands. Figure 4.2 shows the change in hazard zone designation, after
implementing the re-design scheme shown in Figure 4.1. Before strategies are
implemented the area is characterized as an extreme fire hazard zone as shown in
drawing (a). After implementing a fire barrier (gardens) and safer homesite
designs, the housing zones change from being extreme fire hazard zones to high
fire hazard zones as shown in drawing (b). The recommendations that are utilized
and the degree of intervention in each geographic area will vary according to the
specific aspects of the site.
There are promising examples of positive change in planners'/regulators'
attitudes toward the use of spatial strategies to minimize fire hazard conditions. As
discussed in Chapter 3, the Black Point neighborhood of Novato, which is located
in a wooded, steep hillside area in Marin County, utilized strategies 4 and 9 to
develop an innovative fuel reduction and emergency preparedness program at the
neighborhood level. At least one-third of the residents in this 150-house
neighborhood spent six days getting rid of accumulated dead wood, hacking away
at the thick canopy of trees, yanking out Scotch broom and weeds, and clearing
trails. They also opened up a second emergency exit that had been overgrown,
created a fire-safe haven, drew up a map of evacuation routes, and performed a
community wide fire drill.
At the same time, the Federal Emergency Management Agency (FEMA) has
been exploring methods of hazard mitigation. Nationally, FEMA has funded
improvements to disaster warning systems, and according to the National Flood
Insurance Reform Act, can now penalize mortgage lenders who consistently fail to
require flood insurance or to notify borrowers of flood hazards. FEMA has also
funded the development of a model "hazard mitigation enterprise zone" in
Kentucky, where grants, loans, and tax incentives are given to communities so that
75
they can incorporate the latest hazard mitigation technologies (Stalberg 1995 p. 21).
Perhaps a similar type of zone could be established in fire-prone areas offering
incentives to encourage the use of the latest fire hazard mitigation technologies. On
the down side, FEMA still needs to strengthen its hazard mitigation grant program,
which requires that projects be proven cost-effective, because states have virtually
no guidance in determining cost-effectiveness and there has been confusion
between FEMA and state and local officials about what types of activities constitute
mitigation (Stalberg 1995 p. 19-20).
The Bates Bill, which was adopted into California's State Civil Code in
1992, required that jurisdictions identify very high hazard zones and pass
ordinances equivalent to or more restrictive than the state standards (VMC 1995 p.
19). To meet this requirement, FEMA and the California State Office of Emergency
Services provided matching funds to local agencies to develop a fire hazard
mitigation program and vegetation management plan for the Oakland and Berkeley
Hills area (VMC 1995 p. 1). In their urban-wildland intermix' 2 Hazard
Assessment, the Vegetation Management Consortium (VMC) (1995) utilized a so-
called "proxy approach" to assess structural and vegetation hazard ratings in the
urban-wildland intermix zone of the East Bay Hills. They had to develop a proxy
approach to evaluate urban fuels because existing fire-predicting Geographic
Information System (GIS) software programs do not have fuel models that
recognize structures and differentiate between vegetation types common to our
1 2 The East Bay Hills Vegetation Management Consortium defines an urban/wildland
intermix as an area where built development and wildland fuels mix with no clearly defined
boundary.
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domestic landscapes. Their field investigators designated "neighborhoods1 3" of
similar physical attributes with either a moderate fire hazard, a high fire hazard, or
an extreme fire hazard rating according to two variables:
1. Structural Materials: Investigators classified the
percentage of wood roofs and wood siding/decking
materials.
2. Vegetation: The amount of "defensible space14 "
clearance was identified, as well as 5 critical
components: general surface fuel density, aerial fuel
density (canopy cover), vertical continuity/ladder fuel
density, tree height and dominant vegetation fuel
species flammability index (VMC 1995 p. 35).
One major problem with this report is that the VMC failed to define the thresholds
of the three fire hazard ratings (extreme, high, and moderate) so that the
significance of the 3 levels could be interpreted in their final map. (See Figures 4.3
and 4.4 on the following pages.) In addition, they didn't identify the specific
clusters and neighborhoods in the East Bay Hills that need to utilize the most
1 3 VMC defines a "neighborhood" as, in most cases, representing a cluster of structures
and landscapes with similar fire hazard characteristics (VMC, 35).
14 The East Bay Hills Vegetation Management Consortium defined "defensible space" as
the area within the perimeter of a parcel, neighborhood or community where basic wildland
fire protection practices and measures are implemented. Providing the key point of defense
from an approaching wildland fire or defense against encroaching wildfires or escaping
structure fires. The perimeter as used in this regulation is the area encompassing the parcel
excluding the physical structure itself. The area is characterized by the establishment and
maintenance of emergency vehicle access, emergency water reserves, street names and
building identification and fuel modification measures.
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stringent fire prevention strategies which the report recommends. This effectively
eliminates 2 major opportunities to identify the spatial patterns of fire hazards and
their mitigation.
After general fire hazard areas were identified, a model ordinance was
created for landscapes and structures in the high hazard areas of the urban/wildland
intermix in the East Bay Hills. (See Appendix: Model Ordinance for Landscapes &
Structures in the High Hazard Areas of the Urban Wildland Intermix.) The major
criticism of this ordinance is that it analyses high hazard areas parcel by parcel
instead of by clusters of homes, or by neighborhoods. Once again strategic
opportunities at the cluster and neighborhood scale are bypassed. In addition, the
regulations apply uniformly to all parcels in high fire hazard areas, without regard
for differences in adjacency to extreme hazard zones or wildlands.
The Bates Bill is a step in the right direction in terms of fire hazard
mitigation. However, in the Bay Area, the Vegetation Management Consortium
(VMC) failed to make the crucial connection between spatial patterns at the cluster
and neighborhood scale and fire prevention in the suburban landscape. In this
study, the opportunity for planners to develop a suburban design typology that
would match the appropriate cluster design to a particular level of fire hazard is lost
due to the parcel by parcel level of recommendations and the lack of a clear set of
criteria for rating relative fire hazard.
Homeowners who live in the extreme fire hazard areas might be expected to
resist being subjected to the strictest fire prevention strategies, which might require
the removal of residences from these areas. Thus, the spatially-based fire
prevention strategies that I proposed in chapter 3 would more likely be used in new
towns, such as those being planned in the Sierra foothills, where building takes
place from scratch. This would involve planning ahead in the creation of new
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towns rather than retrofitting existing developed urban/wildland interfaces. As a
result, one of the limitations present in achieving the stated goals of my thesis is that
the main objective of creating more sustainable suburban landscapes in fire-prone
ecosystems may only be possible in parts of the urban/wildland interface that are
not already developed. In any case, whether applied to new or existing suburbs, I
hope that the heuristic approach that I chose to explore in this thesis encourages the
use of spatially-based zoning ordinances at the cluster and neighborhood scale,
along with innovative comprehensive solutions for preventing the loss of life and
property to fire in the urban/wildland interface.
Epilogue
Despite the emergence of a few fire-safe homes, many of the cluster and
neighborhood spatially-based strategies to reduce human and economic losses in a
wildfire described in Chapter 3 are not being implemented. Many of the rebuilt
areas of the Oakland and Berkeley Hills resemble the unsafe areas that existed
before the 1991 Firestorm. A return to the pre-1991 status has been encouraged in
many ways by the City of Oakland. Anxious to speed up the rebuilding process,
and under political pressure from homeowners and developers, the City of Oakland
created the Community Restoration Development Center (CRDC) to "expedite
construction permits for new houses without the usual red tape" (Leong 1994 p.
40-41). In addition, at the end of July, 1992, City officials stated that "people who
are rebuilding homes virtually identical to the ones that burned, who have already
obtained building permits or who have filed plans with the CRDC that are at least
30 percent complete would be exempt from the new zoning regulations designed to
make the hills more fire-safe" (Kleffman 1992 p. 3).
The Federal Emergency Management Agency (FEMA) and insurance
companies have also encouraged the construction of fire prone homes by
subsidizing that type of development. FEMA handed over $16 million to cover the
cost of operating the CRDC and insurance companies distributed millions of dollars
of claims so that homeowners could rebuild in the Oakland and Berkeley Hills.
The first scenario presented in Chapter 3, which involves not rebuilding in
the extreme fire hazard areas, was not realized in the Oakland and Berkeley Hills.
As a result strategy 3, which calls for the prohibition of building and the relocation
of homes out of extreme fire hazard areas, was not utilized. As explained in
Chapter 3, many of the homeowners rebuilt because they refused to give up their
panorama views, quiet nights, and clean air.
Many of the strategies within the second scenario (rebuilding in a more fire-
safe manner) have also not been utilized. Within the fourth strategy, reducing the
amount of fuel in the fire area, density and spacing guidelines for individual
buildings and clusters located on steep terrain have not been developed or
implemented in many of the fire hazard areas of the Oakland and Berkeley Hills. At
the top of Hiller Highlands, many homes are nestled tightly together and perched at
the very edge of the cliff, affording the homeowners a spectacular view. These
dwellings should be spaced apart to prevent the jumping of flames from one house
to the other. They should also have a setback from the edge of the cliff to keep
flames, burning brands, and convection winds away from them. (See photograph
on the following page.)
Unfortunately these homes do not stand alone. Similar unsafe sitings can
be found all over Hiller Highlands, Lower and Upper Montclair, Broadway terrace,
and the Upper Hill Area. Many houses hang dangerously over cliff edges in Lower
Montclair. Even if a cliff side dwelling is constructed with stucco and a metal-like
roof, it is extremely vulnerable to direct flames due to its poor siting. (See
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All three homes above, in the Hiller Highlands area, should have a set back from
the edge of the cliff to protect them from flames, burning brands, and
convection winds.
010
L0
The house above hangs dangerously over the edge of a cliff in Lower Montclair.
Even though this cliff side dwelling is constructed with stucco and a metal-like
roof, it can be extremely vulnerable to direct flames due to its poor siting.
photograph on the previous page.) The creation of fuelbreaks through prescribed
burning, grazing, hand work, and the use of brush clearers has also not been
implemented in many of the fire hazard areas. For example, dense flammable
vegetation can be found around homes in the Upper Hill Area. (See photographs
on the following page.) The Upper Hill area managed to escape the 1991 firestorm
due to cool coastal breezes. They have not utilized any of the strategies presented in
Chapter 3 to reduce fire hazards in that area. The fact that this area along with
others that were not burned by this particular firestorm are completely exempt from
all of the new zoning laws and fire prevention practices clearly explains why this
area has chosen not to modify their neighborhoods. Right now they may think that
their neighborhoods are safe from fire. When the next firestorm occurs, however,
they may not be so lucky.
In regard to strategies 5 through 8, which deal with strengthening the
vulnerable structure through the use of fire-safe housing designs and fuelbreaks, I
found many examples of fire-prone housing designs and inadequate fuelbreaks. A
multitude of open-sided platform decks can be found in both Montclair and Hiller
Highlands. These decks will undoubtedly trap burning embers under them when
the next firestorm occurs. They are missing a crucial fire proof front wall to deflect
heat. Large windows prevalent in numerous homes located on steep slopes will
also invite igniting heat into their interiors. (See photograph on the following
page.)
In Upper Montclair, where there was great destruction during the fire, the
policies to widen the roads have not been implemented, a violation of strategies 7
through 9. (See photograph on the following page.) Not only will these narrow
roads hinder escaping vehicles, they will prove to be inadequate in acting as barriers
to flames. Property owners in the Oakland and Berkeley Hills have not widened
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In Upper Montclair, where there was great destruction during
policies to widen the roads have not been implemented.
the fire, the
roads because they feel that the narrow, winding roads add to the rural character of
their neighborhoods. In addition, many housing lots hug the road and residents as
well as developers are not willing to set aside a portion of their property to allow for
the widening of the streets. In his article entitled "Burn, California, Burn," William
Fulton stated that the widening of roads "would have knocked out most of the
building lots in the burned-out areas, and would have added $6,000 to $10,000 per
lot and slowed down the permit process. Instead, the city has banned on-street
parking in the area" (Fulton 1995 p. 6). Unfortunately, even with on-street parking
banned, the roads are still too narrow to accommodate fire trucks and oncoming
vehicles. In fact, many roads in Montclair and the Upper Hill Area are two narrow
to accommodate two-way traffic between regular-sized vehicles.
Even though it is easier for homeowners and developers to plan the
construction of one home versus the whole community because community
planning involves cooperation between neighbors, numerous architects, planners,
and city officials, the benefits of comprehensive fire-safe planning would be
tremendous. Comprehensive fire-safe planning was accomplished in Novato's
Black Point neighborhood in California. As illustrated in Chapter 3, neighbors
worked together to remove flammable vegetation, draw up a map of evacuation
routes, and plan a community wide fire drill.
The key is going to be the coordination of strategies 2 through 9 at the
cluster and neighborhood scale. The identification of different hazard zones and the
varying thresholds among them (including the patterns and processes of the fire
area) is crucial at the landscape mosaic level. For instance, the effectiveness of a
certain-sized road in stopping flames needs to be considered at the landscape mosaic
level because the road may pass through varying topography with different levels of
development. A map of evacuation routes in the region will also be more effective
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if it shows the entire fire area because multiple escape routes will be identified that
way.
The ad hoc construction of homes identical to the ones that acted as fuel for
the 1991 Oakland and Berkeley Hills firestorm will only heighten the vulnerability
of the area to another wildland fire. Incremental changes have overpowered the
possibility of a complete restructuring of the community using a comprehensive fire
prevention plan. Thus, we can only expect that another devastating fire will sweep
through the area. The abundance of wildfires that have swept through California's
urban/wildland interfaces in the last five years is a testament to the fact that
California needs to build in a more fire-safe way. Perhaps when a system of
identifying fire hazard zones as well as the thresholds among them and the
application of fire prevention recommendation at the cluster of housing and
neighborhood levels is developed for fire prone areas in the urban/wildland
interface, residents, developers, insurance companies and FEMA will re-evaluate
their ad hoc approach to rebuilding in the hills.
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APPENDIX
Model Ordinance for Landscapes & Structures in the High Hazard Areas of the
Urban Wildland Intermix
(Source: VMC 1995)
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SECTION 1.00 GENERAL PROVISIONS
Section 1.01 Findings
A. Human settlement adjacent to wildlands and associated development patterns including
housing density, infrastructure (roadways water delivery systems) and landscaping, have increased
the risk of fire and potential loss of property and human life.
B. Private residential landscapes and structures in hazardous fire areas can greatly increase the
damage from a fire, by providing fuel and restricting safe access by firefighters.
C. Homeowner actions related to their landscape and structures can increase the chances for
human life safety and property survival during the event of a fire in the urban-wildland interface.
D. Climatic, geologic, geographic and topographical conditions that exist in hazardous fire areas
make it desirable for reasons of public health, safety and welfare to adopt certain standards and
requirements relating to fire safety that are more stringent than existing standards.
Section 1.02 Intent
It is the intent of this ordinance to provide necessary safeguards to maximize fire-protection areas
for firefighters, to reduce the intensity of fires in this area, to reduce the potential loss of property
and human life resulting from fires in the hazardous fire areas.
This ordinance will not eliminate the threat of fire in the urban-wildland intermix. Actions
mandated by this ordinance will increase the odds of human life safety and structure survivability
in the event of fire. These actions will increase the ability of trained firefighters to suppress these
fires by reducing fire control problems including flame lengths greater than 8 feet, the generation of
crown fires and the associated long distance spotting that can rapidly spread wiidfires. The
ordinance also targets potential ignition sites, including undeveloped privately owned parcels.
By targeting these ordinances at private properties the safety zones created are closest to those
factors most valued including people, property and public improvements.
Section 1.03 Definitions
A. Defensible Space: A safety zone established throughout a privately owned parcel. The
vegetation and landscape in this zone shall meet the requirements as outlined in Section 2.03
Requirements and Standards for Establishment of Defensible Space. All structures in this zone
must meet the requirements and standards specified in Section 3.02 Requirements and Standards
for Removal of Combustible Roofing.
B. Combustible Materials: Any element in the landscape which is easily ignited and capable
of burning rapidly. Combustible materials include but are not limited to the following: waste
paper, hay, grass or weeds more than 4 inches tall, flammable waste material, petroleum products,
dead vegetation, dead branches on living plants, firewood, and loose papery bark on trees.
Fire Mitigation Program Appendix - Model Ordinance for Private Landscapes & Structures& Fuel Management Plan for the East Bay Hills
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C. Managed Domestic Landscape: Privately owned parcels that receive regular
maintenance and are kept free of flammable vegetation.. These landscapes may include structures
or be essentially undeveloped.
E. Fire Hazard: Any thina or act which increases or may cause an increase of the fire hazard
or menace of fire to a greater degree than that customarily recognized as normal. Any thing or act
which may obstruct, delay, hinder, or interfere with the operations of the Fire District or the egress
of occupants in the event of fire.
F. Flammable Materials: Any liquid or gas that is easily ignited and capable of burning
rapidly.
G. Flammable Vegetation: Plants with one or all of these characteristics: accumulation of
dead vegetation, high volume growth. or low fuel moistures. These plants may ignite easily, burn
rapidly or produce high heat output and are capable of transmitting fire.
H . Fuel Load: The quantity of fuel expressed in terms of weight per unit area of land (typically
tons per acre or TPA).
I. Horizontal Separation: Spacing between plants designed to minimize the spread of fire
from plant to plant. The minimum distance between shrub islands is the height of the tallest plant.
J. Ornamental Plant: Any plants growing in a garden situation. undergoing regular watering
and/or maintenance. Exceptions include hazardous species. poorly maintained or aged specimens
that meet the definition of flammable vegetation.
K. Parcel: a portion of land of any size, the area of which is determined by assessor's maps
and records and identified by an assessor's parcel number. Each parcel has a zoning designation
that identifies it permissible use and requirements for any development.
L. Phyrophyte (Phyrophytic plant): Highly flammable plant materials that are high in
flammable oils or resins, produce large quantities of dead materials, litter or commonly have very
low fuel moistures. (see also flammable vegetation).
M. Unmaintained Landscape: Privately owned parcels with flammable vegetation that do
not receive regular treatment to reduce fire hazard. These landscapes may include structures or be
essentially undeveloped.
N. Shrub Islands: Distinct groupings of shrubs designed to help control the spread of fire.
Islands should be small enough to provide adequate horizontal separation between groupings.
These groupings may be established during initial planting or created by removing and maintaining
existing shrubs.
0. Vertical Separation: The distance from the top of shrubs or groundcover to adjacent trees,
designed to minimize the spread of fire to the crown of trees or structure roofs. The minimum
distance is two times the height of the shrub to the leaves or needles of adjacent overstory trees.
P. Wildland: An area in which development is essentially non-existent, except for roads,
railroads, powerlines and similar transportation facilities. Structures, if any, are widely scattered
are primarily for recreation purposes or management support.
Fire Mitigation Program Appendix - Model Ordinance for Private Landscapes & Structures
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SECTION 2.00 SPECIFIC PROVISIONS FOR RESIDENTIAL LANDSCAPES
Section 2.01 Applicability
A. Requirements in this ordinance shall apply to all residential, commercial, retail, institution
and governmental property in the High Fire Hazard Area, including undeveloped parcels. The
requirements shall be the responsibility of the owner of the lot.
B. Requirements shall apply to the entire parcel regardless of size. For parcels containing
wildland areas larger than 5 acres in size, hazard mitigation requirements and standards may be
modified on a site specific basis at the discretion of the Fire Marshall to meet the standards
established regionally for fuel management of wildland vegetation.
Section 2.02 Exemptions
The Property Owner is responsible for all documentation of existing site conditions required for
exemptions from the requirements of this ordinance. Existing data and information developed by
the city shall be made available to the public.
A. Any parcel where slope stability will be threatened by removal of plants may be exempt from
treatment requirements or subject to alternate treatments. Property Owner must submit a report
documenting the probability of failure due to vegetation removal, prepared by a licensed civil,
geotechnical or soils engineer. The report shall propose alternative treatment methods to address
fire hazard. Report will be reviewed by city staff. Review and acceptance of alternative treatment
will supersede the requirements outlined below.
B. Any parcel or lot that includes plant or animal species that are rare, endangered or of special
concern may qualify for alternative plant treatment and spacing requirements. Property Owner must
submit a report from a qualified resource biologist or landscape architect describing the species,
actions required to preserve its environmental value, as well as proposed alternative measures to
address fire hazards. Report will be reviewed by a designated city staff person. Review and
acceptance of alternative treatment will supersede the requirements outlined below for those
specified plants or plant groupings.
Section 2.03 Requirements and Standards for Establishment of Defensible Space
A. Removal of Dead Materials: Remove all dead plants and combustible materials to establish
and maintain a defensible space, this includes private property adjacent to roads, driveways and
along fence lines. Removal of combustible material includes but is not limited to the following:
I . Cut grass and weeds to less than 4 inches. Cutting of native grass and wildflowers may
be delayed until after seed set provided they do not form a means of rapidly transmitting fire to any
structures.
2. Keep the ground, roofs, decking or balconies free of dead leaves, needles or other plant
debris.
3. Remove all dead plant material from the site. Any dead materials to remain on site shall
meet the requirements of C. Disposal of Materials.
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4. Remove from trees all vines, loose papery bark, dead branches, and live branches
smaller than 3 inches in diameter, to 8 feet above ground.
5. Remove all dead branches from within live ground covers. vines and shrubs.
B. Reduction of Fuel Load: Reduce the fuel load on the lot as needed to slow the spread of fire
and reduce its intensity. Reduction of the fuel load includes but is not limited to the following:
I. Thin individual plants or shrub masses as necessary to create "shrub islands" with
adequate horizontal spacing. Islands should be small enough to ensure proper maintenance, and no
greater than 8 feet across. Ornamental plants are exempt provided they do not form a means of
rapid transmission of fire.
2. Remove plants as necessary to create adequate vertical spacing between shrubs or
ground covers and trees, decks or overhangs on buildings. Vertical spacing shall be a minimum of
eight feet or two times the height of the understory plant to the leaves or needles of adjacent
overstory trees, decks or overhangs, which ever provides greater separation. For overstory trees
under 24 feet in height the minimum clearance of 8 feet can be reduced to 1/3 of the overall height
of the overstory tree provided this reduced clearance does not form a means of rapid transmission
of fire.
3. Remove all branches within 10 feet of any chimney or stovepipe, including chimneys Oin
adjacent properties.
4. Maintain adequate root systems and vegetative cover to reduce the potential for soil
erosion and increased run-off or sedimentation. Requirements and standards for the estabishment
of defensible space do not require complete removal of all vegetative matter to bare earth. The
Property Owner shall be responsible any erosion and sediment control measures such as ground
cover plantings, jute netting, erosion control blankets, etc. required in order to reduce geologic or
hydrologic impacts downstream or on adjacent lands.
C. Disposal of Materials:
I. Properly and legally dispose of all flammable materials removed from the safety zone.
Legal methods include using a legal landfill or dump, bagging or stacking material to be picked up
in a city-sponsored program. or delivering cuttings to a mulching service.
2. Chip materials may remain on site. Size of chips to be spread on ground shall be no
greater than 4 to 6". Duff, finely shredded matter, bark or other fibrous material easily ignited shall
not be permitted in mulch layer. Mulch layer shall be no greater than 2 inches in depth.
3. Compost piles: Compost or manure piles shall be located and maintained so that they do
not represent a fire hazard.
2.04 Requirements and Standards for Storing Flammable and Combustible
Materials
A. Store flammable and combustible materials in such a way to reduce the spread of fire.
Store all flammable materials in their original containers, away from sources of ignition.
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2. Do not store any flammable or combustible material where it will help ignite a building,
decks, large trees or shrubs, or fencing. If possible, store in an enclosure.
3. Stack firewood away from structures or fences and from shrub islands, brush or trees.
or store in non-combustible enclosure. Store all kindling and small diameter materials separately
from stacked firewood. Keep area surrounding firewood clear of all fine fuels, dead materials
brush or other flammable materials.
4. Store matches, lighters and other types of ignitors out of children's reach or in locked
cupboard.
2.05 Garden Structures
A. New garden structures such as freestanding decks, gazebos, hot tubs or outbuildings shall
meet minimum standards for materials, timber size, and other requirements as described in
Structures ordinance.
B. Built-in-place barbecue areas shall be no farther than 15 feet from a water source, or be
equipped with a fire extinguisher. Barbecues must be surrounded by at least 10 square feet of non-
flammable materials and be 10' clear of all overhanging structures or trees. All associated
chimneys shall be fitted with a spark arrester.
C. Fencing: Maintain a defensible space along wood fences to reduce possibility of fire
spreading from vegetation to fence. Timber size for new wood fences shall be minimum I"
nominal thickness.
SECTION 3.0 SPECIAL PROVISIONS FOR RESIDENTIAL STRUCTURES
Section 3.01: Applicability:
The requirements, standards and provisions of this Ordinance shall apply to all buildings and
structures located in the designated very high fire hazard severity zone.
Section 3.02: Requirements and Standards for Removal of Combustible Roofing:
A. Applicability: Regardless of any other provisions of this Code every building or structure
which has a combustible roof covering as determined by the Building Official shall replace
such combustible roof covering with fire retardent "Class A" roofing in accordance with UBC
Standard 32-7 and as defined in the applicable roofing provisions of Section 3204 of the latest
version of the Uniform Building Code as adopted and amended by the city.
B. Notification: Identification and Notification: No later than 2 years after the effective date of this
ordinance the Building Official shall notify in writing by certified mail the owner of each
building or structure within the scope of this section. The notice shall contain a copy of this
ordinance, a commentary on it and a Notice of Intent form. The Notice of Intent shall include a
request for a schedule for replacing the combustible roofing. If a building or structure within
the scope of this ordinance is not discovered by the Building Official until after the deadline for
notification the building or structure owner shall be notified within 30 days of such discovery.
Failure to receive notification does not exempt a building owner from the requirements of this
ordinance.
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C. Implementation:
I. The owner shall submit a properly completed Notice of Intent form to the Building Official
no later than 3 years after the effective date of this ordinance. Such notice shall state the
date by which the building owner shall comply with the requirements of this ordinance.
EXCEPTION: No Notice of Intent is required if an approved roof is installed
prior to the deadline above.
2. The requirements stated in Section 2 above shall be accomplished no later than 7 years after
the effective date of this ordinance. Failure to comply within the required time frame is a
violation of this code and the Building Official shall have the power to abate the building or
structure in accordance with Section 203 of this Code.
3. Authority of Building Official. For the purposes of applying the provisions of this
ordinance the Building Official shall have the authority to be flexible in the event of
extenuating circumstances that may exist in an individual case and to do the following:
a. Waive these requirements for specific individual buildings or structures if it can be
demonstrated that such requirements are not physically possible, or pose an undue
hardship with little increase in fire safety and that a physical alternative cannot be
provided. Alternative defensible space landscaping provisions may be considered by
the Building Official as alternate methods for these requirements for specific individual
buildings or structures under Section 105 of this Code, and:
b. Grant necessary extensions of time when it can be shown that the specified time periods
are not physically practical or pose an undue hardship. The granting of an extension of
time for compliance shall be based on the showing of good cause and subject to the
filing of an acceptable schedule for correction with the Building Official.
4. Appeal: Decisions of the Building Officials may be appealed under Section 4.3 of this
Code.
Section 3.03: Requirements and Standards for Residential Structures:
Except as expressly limited herein, the following requirements. standards and provisions shall
apply to the construction, re-construction, alteration, re-roofing and/or repair of any building
and/or structure located in the designated very high hazard severity zone. These requirements are
to be implemented in concert with defensible space criteria described in Section 2.00. Historic
structures shall be reviewed on a case-by-case basis to meet the intent of this ordinance.
A. Roofing: Roof coverings shall be fire retardent "Class A" in accordance with UBC Standard
32-7 and as defined in the applicable roofing provisions of Section 3204 of the latest version
of the Uniform Building Code as adopted and amended by the city.
B. Reroofing:
1. All re-roofing shall conform to the applicable roofing provisions of the latest version of the
Uniform Building Code as adopted and amended by the city. All re-roofing valued in
excess of $100.00 shall require a building permit. The roofing material for any building
and/or structure which has more than 50% of the original roof area re-roofed within a one
year period after the issuance of a building permit shall conform to the requirements for a
fire retardent "Class A" roof as defined in Section 1.
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2. New roof covering shall not be applied over an existing wood shingle or wood shake roof.
C. Spark Arresters:
All chimneys or stovepipes attached to any appliance or fireplace that burns solid fuel shall be
provided with an approved spark arrester in accordance with the General Chimney
requirements of Section 3703 (h.1 in the latest version of the California State Building
Standards Code.
D. Vent CoveringEs:
All vent openings into under-floor areas, enclosed attics and enclosed rafter spaces shall be
covered with a non-combustible, corrosion resistant metal mesh with mesh openings not
exceeding 1/4 inch in dimension. Ventilation shall be provided in conformance with the
requirements of the Uniform Building Code as adopted and amended by the city. Vents shall
be located as far as practicable from the outer face of the outside wall to minimize updraft fire
pathways into combustible attic spaces.
E. Roof overhangs:
Roof overhangs constructed of non-combustible materials need not be protected. Combustible
roof overhangs projecting less than 10 inches from the exterior face of the exterior wall may be
unprotected. Overhangs extending more than 10 inches shall be protected by one of the
following:
I. One hour fire resistive materials with a non-combustible surface on the underside and
exposed edges
2. "Heavy timber" construction as defined in Section 2106 of the Uniform Building Code.
3. Any other non-combustible material with the approval of the Building Official.
F. Exterior Sidine Materials: Exterior finishes shall be one of the following:
1. 7/8" minimum thickness three coat exterior cement plaster ("stucco")
2. Any exterior one hour rated wall assembly with a non-combustible surface in accordance
with the latest version of the Uniform Building Code as adopted and amended by the city.
3. Any other non-combustible material with the approval of the Building Official. I" nominal
minimum dimension trim may be applied on walls constructed as noted above. Untreated
wood shingles and wood shakes of any kind are prohibited.
G. Projections: For the purposes of this section projections shall include decks, exterior balconies,
porches and exterior stairs. Projections shall be of non-combustible materials or combustible
projections shall be protected as follows in accordance with the applicable provisions of the
latest version of the Uniform Building Code as adopted and amended by the city:
1. One hour fire resistive materials with non-combustible surfaces applied on the underside
and all exposed edges.
2. "Heavy timber" construction as defined in Section 2106 modified to allow the following
member sizes:
a. 6" nominal minimum dimension columns
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b. 6" x 8" nominal minimum dimension horizontal supports
c. 2" nominal minimum dimension spaced decking
3. A "skirt" wall extending down from the projection surface to the adjacent grade completely
enclosing the projection with a one hour fire resistive assembly in accordance with UBC
Chapter 43 with a non-combustible surface.
4. Projections whose outer edge is greater than 15 feet above adjacent grade are exempt if
there is a residential vegetation management plan in effect for the property.
H. Windows: Notwithstanding any provisions or exemptions of the energy requirements of
California Code of Regulations. Title 24, all new windows shall be of minimum double glazed
construction.
I. Smoke Detectors: All residential occupancy structures shall be provided with smoke detectors
installed in accordance with Section 1210 of the Uniform Building Code. In existing structures
the requirements for detectors in each sleeping room shall not apply. All other requirements of
Section 1210 shall apply to all new and existing residential occupancies. Smoke detectors shall
be installed within one year of the adoption date of this ordinance. Failure to install an
approved smoke detector shall subject the owner of the structure to a fine of not less than $50
dollars.
J. Interior Fire Sprinklers: Interior fire sprinklers conforming to the requirements of NFPA I 3D
shall be installed in newly constructed buildings and/or structures and in remodeled buildings
and/or structures where the value of the new work exceeds 50% of the value of the existing
building, under any one of the following conditions:
I. The residence has a response time from the nearest fire station of greater than 5 minutes as
determined by the Fire Marshal.
2. The residence is located on a street with a width of less than 20 feet.
3. The residence has a private driveway over 300 feet in length, or a width of less than 12 feet
over a distance greater than 50 feet.
4. The residence is located on a street or driveway with a gradient of more than 15%.
5. Any portion of the building is located at a distance greater than 600 feet from a fire hydrant
with a capacity of less than 1,000 gm at a residual pressure of 20 psi for 2 hours.
6. The residence floor area is in excess of 3,600 square feet.
Installation of fire sprinklers in remodeled buildings and/or structures shall meet all service
requirements of local water districts and may include water meter and service line upgrades at
the owner's expense.
K. Future Ordinance Elements; There is insufficient background data for the following elements
to allow preparation of ordinance language. These items should be the subject of further
research. These issues should be considered as potential items to be included in educational
programs about fire safety and private fire response, but they should not be supported at this
time by ordinances.
1 . Exterior Fire Sprinklers
2. Technological Barriers
3. Technological Fire Suppression Systems
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4. Private Fire Safety & Emergency Procedures
SECTION 4.0 SPECIAL PROVISIONS FOR COMPLIANCE
Section 4.1 Determination and Notification
A. Determination of Hazards: The Fire Department of each jurisdiction shall determine what
constitutes a hazard.
B. Notice to Public: The Fire Chief of the jurisdiction shall send, by certified mail or courier, a
notice describing to the property owner or persons in control of the property the inspection
process.
Section 4.2 Inspection
A. Inspection Forms: The inspection form utilized during the inspection process shall record the
existing conditions on the properties and indicate areas of non-compliance.
B. Entry onto Private Property: The officer, board or commission and designated assistants,
deputies, employees or contracting agents or other representatives may enter upon private property
for the purpose of inspecting for or abating hazardous fire conditions.
C. Access Procedures: Whenever necessary to make an inspection to enforce any of the
provisions of this code, or whenever the chief has reasonable cause to believe that there exists in
any building or upon any premises any condition which makes such building or premises unsafe,
the chief may enter at all reasonable times to inspect or to perform any authorized duty, provided
that such property is occupied. The Chief shall first present proper credentials and demand entry.
If the property is unoccupied, the chief shall first make a reasonable effort to locate the owner or
other persons having charge or control of'the building or premises and demand entry. If such
entry is refused the Chief shall have recourse to every remedy provided by law to secure entry.
D. Inspection Warrants: If the owner or occupant denies entry, the Chief is authorized to obtain
a proper inspection warrant or other remedy provided by law to secure entry. Owners or
occupants or other persons have charge, care or control of any property shall, after proper request
is made, promptly permit entry for the purpose of inspection.
Section 4.3 Compliance
A. Notice of Inspections. The Fire Chief of the jurisdiction shall send, by certified mail or
courier, a notice describing to the property owner or persons in control of the property fire hazards
present on their land. The letter shall advise them of potential hazards to be abated, the time
allowed for the work, and the abatement procedures for non-complying sites. If no address for an
owner or tenant can be found, a notice will be posted on the property itself.
B. Hearing Process. At the time stated in the notices, the Board shall hear and consider all
objections or protests, if any, the proposed compliance to the ordinance, and may continue the
hearing from time to time.
I. Action of the Board on objections shall allow or overrule any or all objections and the
decision of the Board on the matter is final.
2. Seasonal and recurrent nuisance. If the non-complying parcel is seasonal and recurrent, the
Board.shall so declare. Thereafter, such seasonal and recurring conditions shall be abated
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every year without the necessity of any further hearing.
C. Subsequent Inspections: An inspection shall be performed after delivery of the notice. to
determine if the abatement work is complete.
Section 4.4 Non-Complying Sites
A. Notice to perform abatement work on non-complying sites: An inspection shall be performed
after delivery of the notice, to determine if the abatement work is complete. If work has not begun.
a notice to perform abatement work will be sent to property owner or posted on property. The
notice shall state the length of the compliance period. At the end of this period, the Fire Chief may
order the premises cleaned in accordance with procedures set forth below.
B. Collection of cost of abatement: After performing the abatement work, the Fire Chief shall
record with the County Recorder a "prospective notice of special assessment lien." Such notice
shall summarize the work performed, the cost and date of completion.
C. Notice of hearing on lien: Upon receipt of the notice to record a lien, a copy of the notice
shall be served on the owner of the property. The notice shall include a hearing date to give the
property owner a chance to discuss the case before City Council.
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